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A.DVERTISEMENT. 



The present treatise is the Chapter on Astronomj reprinted from the 
Authors* Manual of Natural Philosophy, ynth an introduction explana- 
tory of some matters necessary to be known for its perusal, an Appendix 
of Astronomical Problems, and a Dictionary of Terms extracted from 
the Dictionary appended to the Manual. 

It is now admitted that works intended for First Books in Science, 
and Class-Books in Schools, ought not to be written in a style profess- 
edly adapted to the capacities of children ; but that intelligence in the 
reader should be assumed, and that if the principles of science be so ex- 
plained as to be understood by those who have acquired no previous 
knowledge on the subject, young persons of ordinary capacity will be capa- 
ble of comprehending them. Therefore, when the importance of any branch 
of education is admitted, there are but two requisites to its attainment, 
viz., clearness on the part of the writer, and an ordinary and sustained 
effort of thought on the part of the reader. Each party is entitled to 
make the respective demand, and, if the demand be mutually satisfied, 
the success of the experiment may be fairly relied on. 

It has been said, it is believed with great truth, that few writers excel 
Dr Comstock in clearness, simplicity, and precision, of which the readers 
of this treatise can judge for themselves. It is presumed to be not an 
unfavourable specimen of w;^t.a First Book in Astronomy ought to be. 
It is therefore presented by tiie publisher as the first of a series of ele- 
mentary Text Books, intended to be published by him, on those branches 
of science which it is presumed might be advantageously introduced in 
schools, as preparatory to a more finished education, and for students 
intended for the learned professions. These First Books will also be 
adapted for those desirous of attaining the elements of science in a sys- 
tematic manner, without the assistance of teachers, at as little expense of 
time and money as the subjects will admit For these purposes, they 
will be written in easily intelligible language, yet so as not to sacrifice 
truth to ornament, nor to substitute sentimentalism for science; the 
object kept in view being to convey as much knowledge of the several 
subjects as will suffice for elementary instruction, and enable those de- 
sirous of extending their information to y^xwi« ^iXivvi \»\!a^ Nsf^^iKsse^ 
with Adraotage. 



CONTENTS. 



Syftems of Astronomy, 
Solar systemi 
Son, ... 
PUmets, 
Parallax, 
MotioDB of the planets, 
Kepler's laws, 
£arth, ... 
Day and night, . 
Seasons of the year, 
Flgore of the earth, 
Solar and sidereal time. 



Page 
1 
2 
11 
14 
24 
26 
81 
85 
42 
48 
52 
55 



Page 

Equation of time, ... 57 

Precession of the equinoxes, . 62 

Moon, ...... 65 

Satellites, 72 

Eclipses, 74 

Tides, 79 

Latitude and longitude, . . 82 

Fixed stars, 87 

Comets, 01 

Appendix, 95 

DlCnOKABT OF TBBMS, . 103 



INDEX. 



Aphelion^ 6 
Apogee, 75 
Asteroids, 17 
Astronomy, 1 

divisions of^ 1 

systems of^ 1 

Biela's comet, 98 

Gentrlftigal force, 28 
Centripetal force, 28 
Ceres, 18 

Circle, division ot, 82 
Qrdes of the earth, 86 

arctic and antarctic, 87 

polar, 39 
Comets, 91 

Coqjonction of the moon, 68 
Constellation, 7 
Copemican system, 3 

Day and nis^t, 42 

Earth, revolntionf of; 15 
circles 0^ 86 
inclination of; 41 
motion of; 85, 48 
figure (rf; 51 

its appearance at the moon, 69 
Eclipses, 74 
lunar, 76 
solar, 77 
annular, 78 
Ecliptic, 6 

direction of; 40 
poles ot, 40 
Elliptical orbit, 28 
Encke's comet, 98 
EqoMtUm of time, 57 



Eqoator, 87, 88 
Eqohioctial point, 88, 44 

Unes, 87, 88 
Equinoxes, 46 

precession of; 62 
Evening star, 15 

FacnliBofthesun,12 
fixed stars, 87 

magnitudes of; 88 

distances o^ 88 

Georgiom sidus, 4, 22 

Halley's comet, 98 

Harvest moon, 71 

Heat and cold of seasons, 49 

Hemisphere, 11 

Her8chel,22 

satellites of; 23 
Horizon, 40 
Hunters* moon, 71 

Juno, 17 
Jupiter, 18 

belts of; 18 

satellites o^ 19 

Kepler's laws, 81 

Latitude, 82 

parallels of; 83 

how found, 84 
Longitude, 82, 83 

how found, 85 



BCagnitndes of stan^ Eft 



\^ 



VI INDEX. 


Meridian lines, 39 


Precession of equinoxes, 62 


Mile, geographical, 83 


Ptolemaic system, 1 


Britiah statute, 83 




Mlky way, 89 


Satellites, 72 


Month, p^odical, 66 


of Jupiter, 72 


synodical, 66 


of Herschel, 78 


Moon, revolntions of, 16, 66 


of Saturn, 73 


phases o^ 68 


Saturn, 20 


hanrest, honters', 71 


rings of; 21 


nodes of; 75 


sateUit^A of; 21 


suifiEice 0^ 70 


Seasons of the year, 48 


Moons or satellites, 3 


heat and cold oi^ 49 


Morning star, 15 


Solar and sidereal time, 55 


l&ytion, oomponnd, 26 


Solar system, 2 




Solstices, 39, 44 


Neap tides, 81 
New moon, 68 


Sphere, 11 
Spring tides, 81 


Nodes of the moon, 75 


Stars, fixed, 87 




classification o^ 88 




distances o^ 88 


Oblate spheroid, 54 


temporary, 90 


Opposition of the moon, 68 


periodical, 90 


Orbits of planets, 4 


Sun, 11 


elliptical, 28 


spots ot, 12 


Pallas, 18 


Temporary stars, 90 


Parallels of latitude, 83 


Tides, 79 


Parallax, 24 


spring and neap, 81 


diurnal, 25 


Time, solar and sidereal, 55 


annual, 25 


Tropics, 87, 88 


Pennmbra, 78 


Tychonic system, 3 


Perigee, 75 




Perihelion, 6 


Venus, 14 


Periodical stars, 90 


Vesta, 17 


Phases of the moon, 68 




Planets, 2 


Year, 4 


primary and secondary, 2, 3 


seasons 0^48 


motions o^ 4, 26 


tropical and sidereal, 62 


situation o^ 5, 23 




density of; 10 


Zodiac6 


dimensions, relative of, 3, 2i 


signs of; 8 


orbits of, 4 


Zones of the earth, 39 



INTRODUCTION. 



1. Ik proposing to the youthful student a scientific inquiij, 
80 extensive in its design, so inexhaustible in its details, as 
Astronomy, the author^s first endeavour should be directed 
to the removal of every unnecessary difficulty. Every one 
who has been engaged in the pleasing, yet anxious, task of 
instruction, is painfully sensible of the tendency exhibited by 
young persons to start aside at the first expression which 
calls upon them to think; and to close a work, though con- 
taining matters of the deepest intellectual interest, the mo- 
ment it ceases to be amusing. In such cases, a picture or a 
tale is found to attract, while a diagram, or the plain state- 
ment of a scientific truth excites aversion. The habit of 
seeking entertainment in books, grows with our growth, until 
we find ourselves actually incapacitated for the enjoyment of 
rational pursuits, or the due appreciation of moral truth. 
This fatal tendency is strengthened and matured by pre- 
judice: whatever savours of science, of philosophy, is thought 
to have been placed beyond our reach ; the vulgar notions 
on subjects with which the vulgar have never grappled, are 
transmitted from generation to generation, and are even 
|>araded with an ostentation of humility; meanwhile the 
mind, in numy cases capable of better things, is compelled 
to seek for recreation in pursuits of unprofitable, if not of 
more questionable tendencies. 

2. On this subject, \io^ yi^dom «Efe '^^ -«q«^ 'f^ ^ 
emiDent modem wiiteT. ^^ln «aX«rfia:?» '^^^^'^ ^=^ v»sss»^ 
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pursuit, one of the student^s first endeavours ought to be, to 
prepare his mind for the reception of truth, by dismissing, or, 
at least, loosening his hold on all such crude and hastily 
adopted opinions respecting the objects and relations he is 
about to examine, as may tend to embarrass or mislead him ; 
and to strengthen himself, by something of an effort and a 
resolve^ for the unprejudiced admission of any conclusion 
which shall appear to be supported by careful observation 
and logical argument, even should it prove of a nature 
adverse to notions he may have previously formed for him- 
self, or taken up, without examination, on the credit of others. 
Such an effort is, in &ct, a commencement of that intellectual 
discipline which forms one of the most important ends of all 
science. It is the first movement of approach towards that 
state of mental purity, which alone can fit us for a full and 
steady perception of moral beauty as well as physical adapta- 
tion. It is the 'euphrasy and rue' with which we must 
'purge our sight,' before we can receive and contemplate, as 
they are, the lineaments of truth and nature." — HerscheVs 
Astronomy, 

3. To awaken curiosity and then to gratify it, so as to in* 
duce a habit of intelligent thoughtfiilness in the pupil, is the 
happy end obtained by the successfiil teacher. To attain 
this end, an appeal is made to a common principle of human 
nature. An eloquent writer has observed, that every being 
is by nature endowed with the power of gaining knowledge; 
that the taste for it — that is, the capacity to be pleased with 
it — forms equally a part of the natural constitution of his 
mind; and that it is his own fiiult, or the fault of his educa- 
tion, if he derive no gratification from it. "If it be a plea- 
sure," he observes, "to gratify curiosity — to know what we 
were ignorant of— to have our feelings of wonder called forth, 
Aow pare a de%ht of this very kind does natural science 
JioJd out to its stadental Recollect Bom^ of tVi^ extraordi- 
^oir^f discovenea of mechanical pbiloaopYiy . Ha^ iDoudexJuX 
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are the laws which regulate the motions of fluids I Is there 
any thing in all the idle books of tales and horrors more truly 
astonishing than the fact, that a few pounds of water may, 
by simple pressure, without any machinery, by merely being 
placed in a particular way, produce an irresistible force? 
What can be more strange than that an ounce weight should 
balance hundreds of pounds by the intervention of a few bars 
of iron? Observe the extraordinary truths which optical 
science discloses. Can any thing surprise us more than to 
find that the colour of white is a mixture of all others — ^that 
red, and blue, and green, and all the rest, merely by being 
blended in certain proportions, form what we had fancied 
rather to be no colour at all, than all colours together? 
Nor is chemistry behind in its wonders. That water should 
be chiefly composed of an inflammable substance — ^that acids 
should be for the most part formed of difierent kinds of air — 
and that one of these acids, which can dissolve almost any of 
the metals, should consist of the self- same ingredients with tlie 
common air we breathe — ^that salts should be of a metallic 
nature, and composed chiefly of metals, fluid like quicksilver, 
but lighter than water, and which, without any heating, tak(^ 
fire on being exposed to the air, and by burning form the 
substance so abounding in saltpetre, and in the ashes of 
burnt wood — ^these, surely, are things to excite the wonder 
of any reflecting mind, nay, of any one but little accustomed 
to reflect. And yet these are trifling when compared with 
the prodigies which Astronomy opens to our views — the enor- 
mous masses of the heavenly bodies, their immense distances, 
their countless numbers, and their motions, whose swiftness 
mocks the uttei'most efforts of the imagination. Is it not in 
the highest degree interesting to find, that the power which 
keeps the earth in its shape, and in its path, wheeling upon 
its axis and roimd the sun, extends over all the othsx ^^s^s&s. 
which compose the unwcrac, wi^ ^nq^-^ \.^ ^"^^S^vSta* ^x^s^jpsc 
place and motion •, Umt tVua same \vo^« Yfc's^'^ "^^ xaafs«v>sv 
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hear path round our eardi, and our earth in its path round 
the fun, and each planet in its path; that the same power 
causes the tides upon our globe, and the peculiar form of the 
globe itself; and that, after all, it is the same power which 
makes a stone &11 to the ground? To learn these things, and 
to reflect upon them, occupies the Acuities, fills the mind, 
and produces o^rtam as well as pure gratification.'^ — Ohjccts^ 
Advantages^ and Pleasures of Science, 

4. It must not, however, be supposed that there is any 
*^ royal road" to sdence; nor, because the present woxic is 
termed a First Book of Astronomy, is it therefi>re to be con- 
sidered a play book for ehildren. The subject is eminently 
and confessedly worthy of attention, and the labour expended 
in mastexdng the subject mil bring its own reward. One 
recommendation of the present volume may, without pre- 
sumption, be^mtioipeted: if it be true, that '^ a great' book 
is a great eYil,** it is at least equafiy true that a small book is 
a less evil; a hope may perhaps be entertained that the small 
book, if it contain the matter of the great one in miniatnre, 
may beoome a positive good. Letaot the abiKty or the taste 
of the yoxmg mind be underrated; let the importance of truth , 
— of truth ^ its own sake^ — apart firom the discouragement 
of punishment or the stimulus of reward, be placed before it ; 
let it be early understood, that, in the attainment of know- 
lodge, as in that of wealth, a certain amount of labour must 
be encountered; hut let it be further inculcated, that in the 
former pursuit, though not in the latter, the result is certain, 
the enjoyment unquestionable. 

5. The difficulties, or, to use a more pleasing term, the 
novelties of a science, present themselves at the threshold of 
the inquiry. If met with the ordinary curiosity which trifling 
subjects excite, they vanish, and are seen no more. The 
first step gained, each successive step becomes more eas}-, 
more agreeable. Upon a iew simple truths ooanected with 
the grand subjects oi space and members, has been constructed 
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the noblo science of Mathematics — a science depending more 
on reasoning than on observation. Mathematics is, in short, 
a learned name of that science which treats of whatever can 
be numbered or measured^ and it is diyisable into two branches, 
the one arithmetic, or the science of number, the other geo- 
metry, or the science of figure. Mathematicftl language, as 
applied to astronomical observations, is found to be the 
shortest, the simplest, and the most eaaly understood of any. 
In order to facilitate the progress of the reader, the first 
principles of this science are here explained. 

6. First Principles, — Since the principal part of practical as- 
tronomy consists in the measurement of angles, it is necessary 
that the nature of an angle be clearly understood. When two 
lines, situated in the same 
plane, but having different 
directions, meet together. A- 
an angle is formed, and the 

point A, from which the lines diverge, is called the vertex or 
angular point. The length of the lines has nothing to do 
with the measurement of the angle, this term being limited 
to the inclination of the lines. 

7. If one of the points of a pair of compasses be fixed y 
whilst the other is carried round, the latter point will trace 
out the circumference of a circle, of which tiie fixed point A 
is the centre. The circumference 
of every circle is divided into four 
equal parts, called quadrants, and 
each of these into 90 equal parts, 
called degrees, so that the whole 
Gircumference contains four limes 
90, or 360 degrees, which arc 
marked °, In order to measure 
analler parts of an angle than a degree, the degree is sub- 
diYided into W nunutes, marked '; and the minntA. vcsi<^ <^^ 
feoonds, marked ". Thxa tXi^ i»\tf^<^ ^sflNsora&sceciRfc 's*'^ ^^'^ 
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circle contains 360 times 60, or 21,600 minutes; which multi- 
plied again by 60, gives 1,296,000 seconds. 

8. In the above figure, any line, b c or d e, passing through 
the centre, and having its extremities in the circumference, is 
a diameter. Any line, drawn from the centre to the circum- 
ference, as A B, A c, A D, A E, is Called a radius. Any por- 
tion, D c, of the circumference, is called an arc; and the 
straight line joining DC is its chord. The figure bounded 
by an arc and its chord, is called a segment, 

9. A right angle is the angle formed by a straight line 
falling perpendicularly upon another straight line, containing 
90 degrees, or the quadrant of a circle, as d A b, or d a c. 
Hence the four portions of the circumference in the above 
figure, serve as the measure of four right angles, which com- 
prehend the whole space about the centre. An ohtuse angle 
is greater than a right angle, containing more than the 
quadrant of a circle, or 90 degrees, as ea f. An acute 
angle is less than a right angle, containing less than a qua- 
drant of a circle, or 90 degrees, as d A f. 

10. The appUcation of the foregoing principles in practical 
astronomy is found in the use of the theodolite^ which is a 
circular instrument for the purpose of measuring angles con- 
t^ned between Unes supposed to be drawn from any point to 
two distant objects. A very cheap and simple instrument of 
this kind, for enabling pupils to ascertain the number of de- 
grees -in angles formed by distant objects, may be made in 
the following manner : — 

11. "Let a circular piece of wood, eight or ten inches in 
diameter, be procured. Divide its circumference into 860 
equal parts, and mark the degrees. This may be done more 
accurately if the surface have a sheet of strong white paper 
T)asted or glued ou it. A tube made of tin plate, in imitation 
of a small telescope, having a very small hole, about the size 
of a pin, in one end, and the other end having two fine wires 
soldered at right angles to each other, is made to turn roimd 
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the centre of the wooden circle, so that It may be directed to 
a distant object. The instrument being placed on three feci 
of the proper height, the pupil will be able, in a very few 
minutes, to measure horizontal angles, and thus get a clear 
idea of angular magnitude. 

" The whole will be obvious from the annexed figure, in 
which A D B E is the divided circle, and a b the tube in imi- 
tation of a telescope. 



.-^ 
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12. '^Problem. To find the number of degrees contained 
in the angle formed by lines drawn from the centre of the 
theodolite to distant objects A b. 

^'Direct the tube to tlie object A, so that it may be 
opposite the point Vhere the wires cross, and observe the 
degree or point where the tube crosses the circumference. 
Tom the telescope till the other object be seen opposite the 
intersection of the wires, and the number of degrees which 
the tube has passed oyer will obviously be the number of 
degrees contained in the angle A c B. 

^^If a glass tube nearly filled with water be' fixed on the 
side of the tube A b, and parallel to it, a horizontal line may 
be ascertained. If the instrument be now placed on its stand, 
with its plane in a vertical position, it may be used for taking 
angles in a vertical plane.** — RUchie^s Principles of Geometry. 

18. The geometrical principles above stated^ are fr^^o^^csc^^ 
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employed in explaining astronomical phenomena. Thus 
-when it is said that the earth revolves upon its axis^ it is meant 
that the earth revolves upon an ideal diameter, the extremi- 
ties of which are called the poles, or those points, where the 
diameter meets the circumference, the north pole being that 
nearest to Europe, the south pole that most remote from it. 

14. The equator of the earth is a great circle on its surface, 
at an equal distance from each of the poles, dividing it into 
two hemispheres, in the midst of which are situated the re- 
spective poles of the axis. The plane of the equator is, there- 
fore, a plain siuface perpendicular to the earth's axis, and 
passing through its centre. 

15. A triangle is a figure contained by three straight lines, 
which, at their points of meeting, form three angles. If such 
a figure has one right angle, it is called a right'^angledtn&ngle ; 
if the sides are all equal, an equilateral triangle. In every 





triangle, there are six pants to, be coooidered, viz., three sides 
sjid three angles; and if any one side be g^ven wdtiiany two 
angles, or any one angle with any two sides, the other three 
may be found by geometrical operation. This particular 
branch of geometry is called trigonometry. It enables the 
astronomer to employ the earth as a base whereby he may 
measure the magnitudes and distances of the sun and planets ; 
and the navigator on the broad ocean, with no other* guide 
than the stars, to ascertain his exact position on the earth!s 
surface. 

16. The earth moves round the sun, not in a circular, but 
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in an elliptic path. An elUpsls is an OTal figure, difiering 

from a circle, in having unequal 

diameters, and in having two 

points within it, called its foci. 

The foci are the two points A and 

c in the longest axis of' the 

ellipse, on which, as centres, the figure is described. The 

eccentricity of an ellipse is the distance between the centre 

and either of the foci, as between b and c. 

17. It can hardly be expected that the young pupil will, 
as a prehminary exercise, enter further into the subject of 
abstract Mathematics. When he has, however, acquainted 
himself with the principles already announced, he will find 
that he has made a certain progress in a science, which lies 
at the foundation of all accurate reasoning, and will be so far 
prepared to encounter larger and more elaborate works. 
Dimidium facti^ qui ccepit, hahet. Let him resolve to over- 
come the first difiiculty, and his future path will be easy and 
agreeable. 

18. QuetHoM. — What is an angle ? What is the angular point? Is 
the magnitude of an angle determined by the length, or by the inclina- 
tion of the lines? How is the circumference of a circle traced? Into 
Low many parts is the circumference divided ? How are these parts 
subdivided ? What is a diameter ? What is a radius ? What rela- 
tion has a radius to a diameter ? Exphun the terms arc, chord, and seg- 
ment ? What is a right angle ? In what do the obtuse and the acute 
angle differ from the right angle ? 

What is the theodolite ? How, by means of this instrument, may 
the angular distance between two remote objects be found ? Explain 
the astronomical terms axis, pole, equator, and pUne, with reference to 
the forgoing principles. 

What is a triangle ? Ezplun the difference between a right angled 
and an equilateral triangle. What is an ellipsis ? What is the eccen- 
tricity of an ellipsis? 
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OF ASTRONOMY. 



1. The term astronomy denotes the nomos, or law, 
lehich governs the asira,* or heavenly bodies. Its object is 
to investigate the magnitudes, distances, mutual relations, 
and motions, real or apparent, of all the visible bodies of the 
heavens. This wide field of inquirer has suggested a division 
of the subject into descriptive, ph)rsical, and practical astro- 
nomy. 1. ^'2>e«cn/>ttt;6 astronomy demonstrates the magni- 
tudes, distances, and densities of the heavenly bodies, and 
explains the phenomena de^ndant on their motions, as the 
change of seasons, and the vicissitudes of day and night. 2. 
Physical astronomv explains the theory of planetary motion, 
and the laws by wnich this motion is r^^ated and sustained. 
3. Practical astronomy details the descnption and use of astro- 
nomical instruments, and develops the nature and application 
of astronomical calculations. The heavenly bodies are divided 
into three distinct classes, or systems, viz. the solar system, 
conasting of the sun, moon, and planets; the system of the 
fixed stars; and the system of the comets." 

2. Systems of astronomy. — ^There are several celebrated 
8}nitem8, or hypotheses, for explaining the phenomena of the 
heavenly bodies. The principal of these are the Ptolemaic, 
the Gopemican, and the IVchonic. 1. The Ptolemaic system 
was so named firom the uunous geographer Claudius Ptole- 
meeus, who flourished in Egypt during the reigns of the 

1. What does the teim astronomy denote? What is its object? 
How is the sabject divided ? What does descriptive astronomy teach ? 
What is the obiect of physical astronomv ? What is practical astnmomy? 
How are the heavenly bodies diyided? 2. Which are the pniMi|Mkl 
systems of astronomy ? Explain the systems of Ptolony , of Ck)pemienLs& ^ 
and of Tycho Brahe. 

•By the term attra, the andenta nndenXood wA. oxCl^ \fe» '***"^^^S5BS*t 
«lis4 liot also the sun, the moon, ai¥i aU iYi«i\»d\'» -^^^^"^^ ^^ 
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Koman emperors Hadrian and Antoninus Pius. He taught 
that Hie earth wols at rest in the centre oftJie universe^ and that 
the heapent revolved round it, from east to west, in twenty- 
four hours, carrying all the heavenly bodies with them. This 
system was beUeved, and enjoyed an undisputed celebrity, for 
1400 years. 2. The Copemican system derives its name from 
Nicholas Copernicus, Tfrho was bom A. d. 1473, at Thorn in 
Prussia. He taught, as P}'thagoras had taught before him, 
that the sun occupied the centre of the universe, and that the 
planets moved round him in elliptical orbits proportioned to 
their size. This system was established by the new align- 
ments and discoveries of Galileo, Kepler, and Newton. The 
great principlB on which it rests is gravity, or that force 
in. nature by which all the planets are attracted to the 
centre of their respective orbits. 3. The Tychonic system 
was so named from Tycho Brahe, a noble Dane, who was 
bom A. D. 1M6, and who partly restored the system of 
Ptolemy concerning the ear& remaining at rest, whilst the 
other heavenly bodies moved round it. He taught, however, 
that the moon, performed a monthly revolution round the 
earth ; that the sun was the centre of the orbits of Mercury, 
Yenufl, Mars, Jupiter, and Salnm,. which revolve round him 
ill their respeetive periods, as he revolves round the earth in 
a splar year^ and, accordingly^ that these five p^^n^^* to- 
gether with the sun, are earned round the earth in twenty- 
tour hours. Of these systems, theCopernican is now adopted, 
asfttraishing the most easy aad obvious explanation of die 
various phenomena of the heayeoly bodies. 

THE SOLAB SYSTEM. 

Sw The solar system comprises the siui, as a centre, and 
tT^enty-nine other bodies, which revolve round him in regular 
periods, and at varioua, distances^ These bodies, being per- • 
petoally in motioiJb, are called planets^ from the Greek word 
signifying wanderers, and they are distinguished, with refer- 
ence to their centres of revolution, into primary and second- 
ary. 1. Primary planets are those which revolve round the 
sun,, as their iun>per centre. Of these there ai*e eleven : the 
neftrest to tha sun is Mercury; then follow in succession, 

I . 11 _■ ■ i- 1. rm—i " — n ' — — - ■ 

3. Of -what does the sohtr system consist? What are the bodies 
called which nrolve round the sun as a centre ? What is the difference 
b^w9^a. B pzinuury and a seeondary planet? ^ITVacb: oi V)iaA "^^axut^ft «sft 
Mteended by satelfiteSf and how many baa each? 



Venus, the Earth, Mars, Vesta, Ceres, Pallaa, Juno, Jupiter, 
Satocn, aud Herschel, or- the Georgiuni ^ns. 2. &coRtI- 
ary plmiets ore those which move round some primary plsnet, 
as this moves rouod the sod. Of these there axe eignteeu.: 
the Earth is attended by oae, Jupiter by four, Saturn bjr. 
seveo, and the Georgium Sidus by six. The eecondory 
pUutels are also termed moons, or sateUiles. 

4. Primary planels. — The followino; tabular view of the 
pnmaiy planets exhibits their respective diameters, their dis- 
tances from the sun, the periods of their revolutions round 
the sun, and thoEe of their revolutions on their own axes: — 
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5. The folknring iUustratiou, by Si J. Hersotel, will 
ctmrej a.genend iiiq>resstoB <^ the relative magnitudes and 
dJalMGeft of th« parts of our system. " Choose any w«U 
iMwUed field or bowling green. On it id«ce a globe, two 
feet in dtajuet«r; this will represent the Suu Mercu7 wilt 
tw iepre«eo(ed by a erain of raustaid seed on the drcnmfer- 
cm» of a drele 164 leet in diameter for its orbit; Venus, s 
pea, on a circle 2&i feet in diameter; the Earth also a pea, 
on a cirole.of 430 feet; Uars, aratber large pin's head, aa a 
cirolo of 654 feet; Juno, Cores, Vesta, and Pallas, grains c£ 
sand, in orlulsof from 1000 to 12U0 foet; Jupiter, anaoder- 
ste-uuid orange, on a oirela nearly half~a-mile across; Saturn 
asBBll orange, oaaciid»o£ four-fifths of Amiiei andUmiin& 

4. B^w loBgM time don «iidk flunk Mcut^ '^b- vn<& 
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(Greorgium Sidus) a fall-sized cherry, or small plum, upon 
the circumference of a circle more than a mile and a half in 
diameter. As to getting correct notions on this subject by 
drawing circles on paper, or still worse, from those very 
childish toys called orreries, it is out of the question. To 
imitate the motions of the planets, in the above-mentioned 
orbits, Mercury must describe its own diameter in 41 seconds; 
Venus, in 4™* 1^^ ; the Earth, in 7™- ; Mars, in 4™- 48*- ; 
•Tupiter, in 2^ 56™- ; Saturn, in S^ 13™- ; and Uranus, in 2^ 
16™-."— iltffronomy, p. 287. 

6. "A year consists of the time which it takes a planet 
to perform one complete revolution through its orbit, or to 
pass once around the sun. Our earth performs this revolution 
in 365 days, and therefore this is the period of our year. 
Mercury completes a revolution in 88 days, and therefore his 
year is. no longer than 88 of our days. But the planet Her- 
schel is situated at such a distance from the sun, that his re- ! 
volution is not completed in less than about 84 of our years. 
The other planets complete their revolutions in various pe- 
riods of time between these ; so that the time of these periods 
is generally in proportion to the distance of each planet from 
the sun. 

7. ^^All the planets move round the sun from west to 
ectst^ and in the same direction do the moons revolve round 
their primaries, with the exception of those of Herschel, 
which appear to revolve in a contrary direction. The paths 
in which the planets move round the sun, and in whioi the 
moons move round their primaries, are called their orbits. 
These orbits are not exactly circular, as they are commonly 
represented on paper, but are elliptical, or oval, so that all 
the planets are nearer the sun when in one part of their orbits 
than when in another. 

8. *^ In addition to their annual revolutions, some of the 
planets are known to have diurnal^ or daily revolutions, like 
our earth. The periods of these daily revolutions have been 
ascertained, in several of the planets, by spots on their sur- 
&ces. But where no such mark is discernible, it cannot be 
ascertained whether the planet has a daily revolution or not, 

6. What is a year ? — 7. In what direction do tiie planets move ronnd 
the sun? What ii the orbit of a planet? — 8. What revolutions have 
t^e planets bendea ihar yearly revoluiion&? H%>v« «SA. \&v« ^Vum^ 
dJanuU revoJatioiu ? How u it know tliait the p\Aii«t&'Wi« ^ai\i T««t^\i.- 
tionMP WJiMt U the axis of a planet ? ^hait \a vYie ^\« oi «. ^^kbux-S 
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tbougb this has been found to be the case in every instance 
where spots are seen, and, therefore, there is little doubt but 
all have a daUy, as well as a yearly motion. The axis of a 
planet is an iifiaginar}'- line passing through its centre, and 
about which its diurnal revolution is performed. The poles 
of the planets are the extremities of this axis. 

9. "The orbits of Mercury and Venus are within that 
of the earth, and consequently they are called inferior plan- 
ets. The orbits of all the other planets are without, or ex- 
terior to that of the earth, and these are called superior 
planets. That the orbits of Mercury and Venus are within 
that of the earth, is evident from the circumstance, that they 
ore never seen in opposition to the sun, that is, they never 
appear in the west, when the sun is in the east. On the con- 
trary, the orbits of all the other planets are proved to be out- 
side of the earth^s, since these planets are sometimes seen 
in opposition to the sun. 

10. "This will be understood by Fig. 1, where, sup- 
pose 8 to be the sun, m the orbit of Mercury or Venus, E the 
orbit of the Earth, and j that of Jupiter. Now, it is evident 
that if a spectator be placed any where in the Earth^s orbit, 
as at E, he may sometimes see Jupiter in opposition to the 
sun, as at j, because then the spec- 
tator would be between Jupiter 
and the sun. But the orbit of 
Venus, being surrounded by that 
of the Earth, she never can come 
in opposition to the sun, or in that 
part of the heavens opposite to him, 
as seen by us, because our Earth 
never passes between her and the 
sun. 

11. " It has already been stated 
that the orbits of the planets are Fig. 1 

elliptical, and that consequently these bodies are sometimes 
nearer the sun than at others. An elKpse, or oval, has two 
fod, and the sun, instead of being in the common centre, is 

9. Which are the superior, and which the inferior planets ? How 
is it proved that the interior pUnets are within the earth's orbit, and 
the superior ones without it?— 10. Explain Fig. 1, and show why 
the inferior phinets never can be in op^itvon V» ^Jo» «««k..— W.^'^f^ssssx^ 
are the shapes of the planetary otUta^ ^\aX. >» td«»^V^ ^^>Kw^^ 
WbMt is meant by aphelion? 
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always in tlie lower foci of their orbits. The orbit of a planet 

is represented by Fi^. 2, where 

A, », B, E, is an efiipse, with- ^^^"^ 

its two foci, s and o, the «un /^ / 

being in the focus s, which is / / 

called the lower focus. When / .JL 

the Earth, or any other planet, t ^ 

revolving around the sun, is in \ 

that part of its orbit nearest the \. 

san, as at Ay it is «aid to be in its ^--.*^_ 

•perihelion; and when in that part . ^.^^ 

which is At the greatest distance ^^' ^ 

from ibhe sun, as at b, it is said to be in its aphelion. The 

line, s D, is the mean, or average distance of a planet^s orbit 

fiom the sun. 

12. Ecliptic. — " T\iQ planes of the orbits of all the" planets 
pass through the centre of the snn. The plane ef an orbit is 
«n imaginary surface,' passing from one extremity, or side, of 
the orbit, to the other. If die rim of a drum-head be con- 
sidered' the orbit, its plane would be the parchment extended 
Across it, on which the drmn is beaten. Let us suppose the 
eartVs orbit to be such a plane, cutting the sun through his 
centre, and extending out on every i^e to the starry hea- 
vens ; the great circle so made, wodd mark the line of the 
ecliptic^ or the sun^s apparent path through tiie heavens. 
This circle is called the sun^s apparent path, because the re- 
volution of the earth, gives the sun the appearance of passing 
•through it. It is called the ecUptic, because ec^pses happen 
when the moon is in, or near, this apparent path. 

13. Zodiac. — ^^ The zodiac is an imaginary belt, or broad 
circle, extending quite around the heavens. The ecliptic 
divides the zodiac into two equal , parts, the zodiac extend- 
ing 8 degrees on each side of the ecliptic, and being therefore 
16 degrees wide. The zodiac is divided into 12 equal parts, 
called the signs of the zodiac. 

14. ^^ The sun appears every year to pass around the 
great circle of the ecUptic, and consequently, through the 12 

12. What is the plane of an orbit ? Explain what is meant by the 

ecliptic. Wby is the ecliptic called the 8an*s apparelit path? 13. 

What is the zodiac? How does the ecliptic divide the zodtae? How 

Xbt does ihe' zodiac extend on each side of the ediptie? — 14. Explain 

I^Jg: 3, and show why the sun seems to pass ihxoT&^D: the ecli^c^ wheu 

tie earth only revolves around the sun. 
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constellations, or mgns of the zodiac. Bat it unll be seen, in 
another place, that the sun, in respect to the earth, stands 
still, and that his apparent yearly coarse through the heavens 
is caased by the annaal revolution of the eflrth arotmd its 
orbit. To understand the cause ^f 
this deception, let us suppose that s, 
Fig. 3, is the sun, A B, a part of the 
circle of the ecliptic, and c d, a part t>£ \ / 

the earth's orbit. Now, if a spectator \ / 

be placed at c, he 'will see the son in \ / 

that part of the ecKptic marked by 8, , \^ 

but when the earth moves in 'her an- '' mSb 

voal revelation to d, the spectatorinll y^ 

see the son in that part of the heavens / \ 

viariced by a; so that the motion of V7 \^ 
the earth in one direction, will ^ive , 

the sun an apparent motion in the 'Kg.""*, 

contrary direction. 

15. ^^ A sira, or consteUation, is a ooUecdon of 'fixed stars, 
and, as we have abeady seen, the sun appears to move 
through the twelve rigns of the zodiac every -year. Now, 
the sun's place in the heavens, or zodiac, is wood by his ap- 
parent conjunction, br nearness to any partictilar.ttar in the 
constellation. Suppose a spectator at €, 6fo0ervea the sun to 
be nearly in a line with the star at 8,'tiien the mm woidd be 
near a particular star in a certain consteUatkm. When the 
earth moves to d, the son's place wotdd assume another 
direction, and he would seem to have-moved into another 
constellation, and near the star A. 

16. ^^ iEach of the 12 signs of tiie zodiac is divided into 
30 smaller parts, called dearees; each degree into 60 equal 
parts, called minutes^asid eachminateinto 60part8,called5ec(m(i9. 

17. ** The division of the zodiac into signs, is of very an- 
cient date, each sign having also received the name of some 
animal, or olncct, which the constellation, forming &at sign^ 
was supposed to resemble. It is hardly necessary to say, 
that this is chiefly the result 6f imagination, since the figures 



16. 
ittthe 



Wkat is a eoi»tell»tii» or cigii ? How ii iho ton** appannlfkUee 

I hMveni found ?— >16. Into how maaynuti «ro Aoiigas of tke zodiac 

divided, and what are these parts called ?— 17. Is there any resemblaneA 
between the places of the stara and the ft;;taae«s«1^3B»«DiBEui^i5^Kt^<MB^ 
thejr are called? Explain why tVui\a a cowamwiVim^«MA<A'^a^^^^ 
particular star in a sign ? 
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made by the places of the stars, never mark the outlines of 
the figures oi animals, or other objects. This is-, however, 
found to be the most convenient method of finding any par- 
ticular star at this day, for among astronomers, any star, in 
each constellation, may be designated by describing the part 
of the animal in which it is situated. Thus, by knowing how 
many stars belong to the constellation Leo, or the Lion, we 
readily know what star is meant by that which is situated on 
the Lion^s ear or tail." 

18. The signs of the zodiac have each a special name and 
symbol, and are arranged in a certain order, reckoning from 
west to east, called the order of the signs. These are — <Y» 
Aries. ^ Taurus, n Gemini. S5 Cancer. ^ Leo. hr Virgo. 
=0: Libra. HX Scorpio. / Sagittarius. >y Capricornus. csr 
Aquarius. K Pisces. It has been decided by the Egyptian 
Institute that these names are derived firom comparisons 
made by the Egyptians between celestial and terrestrial 
phenomena, being principally of a local nature, and belong- 
ing exclusively to a part of their own country. Thus, 

1. Capricornus, — The first month of summer, extenduig 
from June 20 to July 20. He begins the year, and leads 
the celestial animals, as the goat is the leader of the flock. 

2. Aquarius. — ^The second month of summer, when the 
inundation of the Nile is at its full extent. 

3. Pisces, The third month of summer, when the rise of the 
waters cause the fish to moire about. 

4. Aries, The first month of autumn, extending from Sep- 
tember 20 to October 20. As the waters subside, the 
ram returns to the pastures, leading the flocks which 
have been held captive by the iuundation. 

T). Taurus. The second month of autumn, denoting the 

period of tillage in Egypt, 
fi. Gemini. The third month of autumn, when the seeds 

germinate. The sigu is that of two youths of differeut 

sexes. 

7. Cancer. The first month of winter, extending from 
Dec 20 to Jan. 20. The motion of the crab indicates 
the retrograde motion of the sun at the mnter solstice. 

8. Leo. The second month of winter. ITie king of animals 
typifies the strength and grandeur of nature at this period. 



28, What are the names o! the t\?e\v<i ivs^a"? 
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9. Virgo. The third month of winter. The sign denotes 
beauty and fruitfidness. 

10. Libra, The first month of spring, extending from 
March 20 to April 20. Allusion is made to the vernal 
equinox, when the days and nights are equal. 

11. Scorpio, The second month of spring, when the heat 
stimulates yenomous reptiles, and induces disease and 
pestilence. 

12. Sojgittarius. The last month of spring. The centaur 
drives all before him ; its course is drawing to a close. 
— Arago, 

19. " The twelve signs of the zodiac, together with the 
' sun. and the earth revolving around him, are represented at 




Fig. 4. 

Fig. 4. When the earth is at a, the sun will appear in 
. be just entering the sign Aries, because then, when seen 
from the earth, he ranges towards certain stars at the be- 
ginning of that constellation. When the earth is at c, the 
sun will appear in the opposite part of the heavens, and 
therefore m the beginning of Libra. The middle line, 
dividing the circle of the zodiac into equal parts, is the line 
• of the ecliptic. 

19. Eiplain why the sun vriU Ajo i\\l\ie>ivvix^vcv%^'^ Kx^s^^^N^k^"^'' 
•artb h at A, Fi5:.'4. 
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20. Density of the planets. — '* Astronomers have no means 
of ascertaining -whether the planets are composed of the same 
kind of matter as our earth, or whether their smrfaces are 
clothed with vegetables and forests, or not. They have, 
however, been able to ascertain the densities of several of 
them by observations on their mutual attraction. By density 
is meant compactness, or the quantity of matter in a given 
space. When two bodies are of equal bulk, that which weighs 
the more has the greater density. It is also well known 
that substances attract each other lin propo^on to the quan- 
tities of matter they contain. If, therefore, we know the di- 
mensions of several bodies, and can ascertain the propOiN^ion 
in which they attract each other, their quantities of matter or 
densities are easily found. 

21. "Thus, when the planets pass each other in their 
circuits through the heavens, they are often drawn a little 
out of the Unes of their orbits by mutual attraction. As 
bodies attract in proportion to their quantities of matter, it is 
obvious that the small planets, if of the same density, will 
suffer greater disturbance from this cause than the large ones. 
But suppose two planets, of the same dimensions, pass each 
other, and it is found that one of theni is attracted twice as 
far out of its orbit as the other, then, by the known laws of 
gravity, it would be inferred that one of them contained twice 
the quantity of matter that the other did, and therefore that 
the densit}' of the one was twice that of the other. By cal- 
culations of this kind, it has been found that the density of 
the sun is but a little greater than that of water, while Mer- 
cury is more than nine times as dense as water, having a 
specific gravity nearly equal to that of lead. The earth has 
a density about five times greater than that of the sun, and a 
little less than half that of Mercury. The densities of the 
other planets seem to diminish in proportion as their dis- 
tances fi:om the sun increase, the density of Saturn, one of the 
most remote of the planets, being only about one-third that 
of water." 

22. All the heavenly bodies «tedp?ier65, or approach nearly 

■•■ ■ - ' ■ ■ ■ ■ 

^0. What is ineAfit hy dftOBitv ? In what jpropottion do bodies 

attract each other ?— 21. How are the densities of the pWets aso^itaiiied ? 

What is the density of the sun, of Mercury, and of the earth ? In what 

proportionB do the densities of the planets appear to diminish? — ^22. 

What is A sphere? Why is tho fepherical fonn oC tih& heaveoly bodies 

imperceptible ? What is a hemispheie ? 
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to the figure of a ^sphere. The term aphiere, in geometry, 
denotes a solid body, described by the revokition of a semi- 
cirde about its diameter ; or it may be defined to be.a'body 
botmded by a surfiuse of which e^ery point is equally distant 
ifrom a single point within the surface, called the centre of the 
sphere. The spherical form of the heavenly bodies is, hqw- 
erer, not obvious to our sight, in consequence of their 
enlightened parts only being seen by us, and that at a con- 
siderable distance ; hence they ftpp^^ tons as plane surfaces, 
-which are usually termed discs. The projection of a spherical 
body is always that of a circular pkme. A map is nothing 
more than a representation, upon a plane, of some portion of 
'the surface of a sphere. A hemisphere is a half-sphere, pro- 
, duccd by cutting a sphere through the centre by a right line 
in any direction : thus, in reference to the earth, we speak of 
a northern and a southern hemisphere, an eastern and a 
western hemisphere, an upper and a lower hemisphere:* 

THE SUN. 

23. "The sun is the centre of the solar system, and the 
great dispenser of heat and light to all the planets. Around 
uie sun all the planets revolve, as around a common centre, 
he beino; the largest body in our system, and, so fiur as we 
know, me largest in the universe. 

24. ** The (Sstance of the sun firom the earth is 95 millions 
of miles, and his diameter is estimated at 880,000 miles. 
Our globe, when compared with the magnitude of the sun, 
is a mere point, for his bulk is about thirteen hundred thousand 
tknes greater than that of the earth. Were the sun's centre 

'placed in the centre of the moon^s orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her as she is 

23. Where is the place of the son in tiie solar system ? — 24. What 
•is the distanee of the sttn from the earth ? What is the 8mi*8 diameter ? 

* ** When the continents and mas are laid down on a globe, (and, siaee the 
^ l eeerery of Aastndia, we are sore that no very extenftlTe tracts of land remiuii 
■■■known, czeept portiaps at the sooth pole), we find that it is possible so to 
dhMe the globe into two hemispherM, that one shall contain nsariff aO the imuk 
the other being almost enUrely sea. It is a £Mt, not a U»Jbii ^ aM u n a ai lai ^L "^ 
Sttgllshmen, and, combined with our inaoVai ctoseMua Nsl^OmX ibc«^ ^^^'^^^^^i^.su 
-saoons^ the Atlantic, not a Uttlo explanatorv ol «m c«i\s«sweacri«l«s^«»^^^^ 
larnhn oooaplea nearly the centre oC ti» terwitoAsiX \«asi3KS?QR«^ — tva^"^ 
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from us. A traveller, who should go at the rate of 90 miles 
a day, would perform a journey of nearly 33,000 miles in a 
year, and yet it would take such a traveller more than 80 
yean to go round the circumference of the sun. A body of 
su(^ mi^ty dimensions, hanging on nothing, it is certain, 
must have emanated firom an Alxmghty power. 

25. ** The sun appears to move around the earth every 24 
hours, rising in the east, and setting in the west. This mo- 
tion, as will be proved hereafter, is only apparent, and arises 
from the diurnal revolution of the earth on its own axis. The 
sun, although he does not, like the planets, revolve in an 

• orlnt, is, however, not without motion, having a revolution 
'_ around his own axis once in 25 days and 10 hours. Both 
the &ct that he has such a motion, and the time in which i^ 
is performed, have been ascertained by the spots, orfaculas^ 
on his surface. If a spot is seen, on a revolving body, in a 
certain direction, it is obvious, that when the same spot is 
again seen, in the same direction, the body has made one 
revolution. By such spots the diurnal revolutions of the 
planets, as well as that of the sun, have been determined. 

26. " Spots on the sun seem first to have been observed in 
the year IGll, since which time they have constantly at- 
tracted attention, and have been the subject of investif^ation 
am^ong astronomers. These spots change their appearance 
as the sun revolves on his axis, and become greater or less, 
to an observer on the earth, as they are turned to, or from 
him; they also change in respect to real magnitude and 
number : one spot, seen by Dr Herschel, was estimated to 
be more than six times the size of our earth, being 50,000 
miles in diameter. Sometimes forty or fifly spots may be 
seen at the same time, and sometimes only one. They are 
oflen so large as to be seen with the naked eye ; this was the 
ciise in 1816. 

27. " In respect to the nature and design of these spots, 
almost every astronomer has formed a different theory. 
Some have supposed them to be solid opaque masses of 

25. What is the apparent motion of the sun ? How is this apparent 

motion explained ? How is it proved that the sun revolves on nis own 

axis ? How often does the sun revolve ? — ^26. When were spots of the 

sun first observed ? What has been the di£ference in the number of spots 

observed? What was the size of the spot Been by Dr Herschel ? — 27. 

JVIiat baa been advanced concemine the natoxe ol Ocie&ft vgQ\&^ ISl^x^ 

tJieybeen accounted for satisfactorily? 
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scoris, floating in the liauid fire of the sun; others, as 
satellites, reyolving round iiim, and hiding his li^ht from us : 
others, as immense masses, which have fiifien on nis discj ana 
which are dark coloured, because they have not yet become '' 
suffidently heated. In two instances, these spots have been ' 
seen to burst into several parts, and the parts to fly in seyeral 
directions, like a piece of ice thrown upon the ground. Others - 
have supposed tnat these dark spots were the body of the 
sun, which became visible in consequence of openings through - 
the fiery matter, with which he is surrounded. Dr Herschel, . '. 
fix>m many observations with his great telescope, concludes, 
that the shining matter of the sun consi^ of a mass of phos- - 
phoric clouds, and that the spots on his sur&ce are owing to . 
disturbances in the equilibrium of this luminous matter, by 
which openmgs are made through it. There are, however, 
objections to this theory, as inde^ there are to all the others, 
and at present it can only be said, that no satisfactory ex- 
planation of the cauae of these spots has been given. 

28. ** That the ran, at the same time that he is the great 
source of heat and li^^t to all the solar worlds, may yet be 
ci^ble of supporting animal life, has been the favourite doc- 
tnne of several able astronomers. Dr Wilson first su^sested 
that this might be the case, and Dr Herschel, wim his 
telesoope, made observations which confirmed him in this 
opinion. The latter astronomer supposed that the functknM 
of the sun, as the dispenser of light and heat, might be per- 
formed by a luminous, or phosphoric atmosphere, surrounding 
him at many hundred miles distance, wnile his solid nucleus 
mi^t be fitted for the habitations of millions of reasonable 
bemss. This doctrine is, however, rejected by most writers 
on the subject at the present day." M. Arago inclines to 
the opinion that the sun consists of an obscure and solid 
nucleus, enveloped by two atmospheres, — the one obscure, 
the other luminous. According to this view, the appearance 
of the spots is explained by ruptures occurring in the atmo- 
sphere, and exposing the globe of the sun to view. The 
penumbra, by which the spots are commonly surrounded, is 
the extremity of the inner and dark atmosphere, the rent in 
which is not so wide as that in the luminous one, and which 
is seen round the opening which exposes the oentral nucleus. 



28, WbMt IB laid concenung^«asi'»\K&n%%\«Wv\>fi^^'3^^ 
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BIERCUBT. 

20* '^ Mercunf^ the planet nearest the sun, is about 
milflft in diamet^, and revolves, around him at the dii 
of 3Z millionstof miles. The period of his annual re 
tioBA ia 87 davs, and he turns on. his azia once in abo 
hoursj^ 

30* ^' No. s^a of an atmosphere have been observ 
thia planet. The sun's heat at Mercury is about seven 
greater than, it is on the earth, so that, water, if natux 
lom^'the same lawa there that ^e does here, cannot ex. 
!M£UPcai7,.exa^t-in the*state of steam. 

31m ^^ The neaKuess of this, planet to the sun, and the 
timd hia fuUy illuminated, disc is turned towards the < 
prevent his beings ofi»a seen. He may, however, some 
besobserved just before. the idsing, and a littie aAer th 
tiiur of tihe sun. When seen after sunset^ he. app 
briUiant, twinkling, star, showing a white li|!:ht, which, 
evBB, is much obscured by the gfare. of twilight. Whei 
in the morning, before the rising of the sun, his light i 
obscured by the sun's rays. 

3^. ^^ Mercury sometimes crosses the disc of the si 
comes between the earth and that luminary, so as to a 
like a small dark spot pasang over the sun's face. T 
called the transit of Mercury. 

S3. " Venius is the other planet whose orbit is t 
that of the earth. Her diameter is about 8600 miles, 
somewhat larger than tibe earth. Her revolution aroun 
sun is performed in 224 days, at the distance of 68 mi 
of miles from him. She turns on her axis once in 23 h 
so that her day is a little shorter than ours. 

34. " Venus, as seen from the earth, is the most bri 
of all the primacy planets, and is better known thai 



29. Whatisthe diameter of Mercury, and what are his periods of 
and diurnal revolution ? — 30. How great is the sun^s heat at Me 
— ^31. At what times is Mercury to be seen ? — 32. What is a 
of Mwcury ? — 38. WbeM'iatke oiiiit'Of Venus in respect to tliat 
earlb? What is the thne^of Yenus's revolution round the sun? 
oAen does she turn on her axis ? — 34. What is said of the heieht 

mauataina in Venus? On- what account areUie lT«&«v\a oiv^i 

served with grea;b care ? 
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noQtni:iial Imamary except the moon. AYhen seen tlxrough 
a telescope, ahe e^ibits the phases or horned appearance 
of. the moon, and her. &ce is sometiines variegated with dark 
spots. Venus maj^ o(ften be seen, in the day time, even whea 
sne is in the vicinity of the blazine light of the sun. A. 
luminous appearance around this planet, seen at certain 
tunes, proves that she has an atmosphere. Some of her 
moun^ams are several times more elevated than any on our 
globe^ being: from 10 to 22 miles high. Venus sometimes 
mukes. a transit aoross the sun^s disc, in the same manner 
aSsMariBUiy, already desaribed. The transits of Venus oc« 
cur only, at distant periods from each other. The last transit 
init9 in. 17.69, and the. uext. will not happen until 1374. 
These transits have been observed by astronomers with the. 
greatest, care and accuracy, since it is by observations on 
theoir that tho true distances of the earth and planets from 
the 9un are determined. 

3d. " When Venus ife. in that part of her orbit which 
guret.hec the wpeiurance of being west of the sun, she rises 
be£»e.himt and is tbeui called the morning star; and when 
she appears.east of the sun, she is. behind him in her course, 
and is then, called, the evening star. These periods do not 
a^ree, either witii the yearly revolution of the earth, or of 
Venus, ibr she is alternately 290 days the morning star, and 
290 days the evening star. The reason of this is, that the 
earth and Venus move round the sun in the same direction, 
and hence hei; relative motion, in respect to the earth, is 
much slower than her absolute mc^on in her orbit. If the 
cacth had no yearly, motion, Venus would be the morning 
stiyr one-half of the year^ and the evening, star the other halE 

THB EABTH. 

dQp " The next planet in our system, nearest the sun, is 
the earth. Her diameter is 7912 miles. This planet re<- 
voLves. around him in 365 days, 5 hours, and 48 minutes; 
and at the distance of 95 millions of miles. She turns round 
her own axis once in 24 hours, making a dav and a night. 
The earth^s revolution around the sun is called her annual^ 

85. Whan ivVemit the mpmjng, and when the evening star ? Hssw 
loBg is VeiiQf ^e m«niin£» *pd hoYi Vo\m \i^a «s«mcq% ^^ax"^ — "^^ '^&sjp« 
Img^^mit t«ka th^earS.io woYv^ loxHv^^^^tMD.'^ ^^^'^'SS^ 
irm ««rth>aBimaL revfOfttiw^.w^^^iittS^Vl^^^^^^^'^'^^^^ 
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f 

or yearly motion, because it is performed in a year ; while ^ 
the revolution around her own axis, is called the diurnal or 
daily motion, because it takes place every day. The figui*e 
of ue eartli, with the phehomena connected with her motion, 
will be explained in another place. 

* ' ' • THE MOON. 

37. "The moon, next to the sun, is, to us, the most * 
brilliant and interesting of all the celestial bodies. Being 
the nearest to us of any of the heavenly orbs, and apparently 
designed for our use, she has been observed with great at- 
tention, and many of the phenomena which she presents, 
are therefore better understood and explsuncd, than those of 
the , other planets. , 

38. "While the earth revolver round the sun in a year, 
it is attended by the moon, which makes a revolution round 
the earth once in 27 days, 7 hours, and 43 minutes. The 
distance of the moon from the earth is 240,000 miles, and 
her diameter about 2000 miles. Her surface, when seen '; 
through a telescope, appears diversified with hills, mountains, ' 
valleys, rocks, and plams, presenting a most interesting and ^ 
curious aspect; but the explanation of these phenomena are ' 
reserved for another section. 

MASS. ' . 

89. "The next planet in the solar system is Mars, ]m 
orbit surrounding that of the earth. The diameter of this • 
planet is upwards of 4000 miles, being about half that of - 
the earth. The revolution of Mars around the sun is per- > 
formed in nearly 687 days, or in somewhat less than two of ; 
our years, and he turns on his axis once in 24 hours and 40 
minutes. His mean distance from the sun is 144 millions 
of miles, so that he moves in his orbit at the rate of about 
1)5,000 miles in ah hour. The days and nights, at this ' 
planet, and the different seasons of die year, bear a consi- 
derable resemblance to those of the earth. The density of 
Mars is less than that of the earth, being only three times 
that of water. 

37. Why are the phenomena of the moon better explained than those 

of the other planets? — 38. In what time is a revolution of the moou 

jilwut tie earth performed? What is the distance of the moon from the 

etutb?—39. What is the diameter of Mara? Ho^ mtw^ti \w^ \% ^ 

j'Gar sf Man tlum our year? What ia \aa rate oi mo\.\ou Va\aa wXJV^.'? 
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40. " Mars reflects a dull red light, by which he may be 
distinguished from the other planets. His appearance 
through the telescope is remarkable for the great number 
and variety of spots which his surface presents. Mars has 
an atmospnere of great density and extent, as is proyed by 
the dim appearance of the fixed stars when seen throxigh 
him. When any^of the stars are seen nearly in a line with tms 
planet, they give a fmnt, obscure light, and the nearer thcr 
approach the line of his disc, the famter is .their light, until 
the star is entirely obscured fi*om the sight. The sjm's heat 
at this planet is less than half that which we enjoy. ' " 

41. "This planet sometimes appears much larger to ui 
than at others, and this is readily accounted for by his greater 
or less distance. At his nearest approach to the earth, his 
distance is only fifly millions of miles, while his greatest di$* 
tance is 240 millions of ipiles ; making a difference in his dis- 
tance of 190 miUions of miles, or the diameter of the. earth's 
orbit. 

42. "To the inhabitants of Mars, our planet appears al- " 
temately as the morning and evening star, as Venus does to 

us, and as Mercury does to Venus. 

t 

VESTA, JIJNO, PALLAS, AND CERES. 

43. ♦* These planets were unknown until recently, and 
are therefore sometimes called the new planets. They are 
the smallest of all the planets, and have therefore been called '' 
Asteroids. 

44. " The orbit of Vesta is next in the solar system to 
that of Mars. This planet was discovered by Dr Olbers, of 
Bremen, in 1807. The light of Vesta is of a pure white, and 
in a clear night she may be seen with the naked eye, appear- 
ing about the size of a star of the 5th or 6th magnitude. 
Her revolution round the sun is performed in 3 years and 66 
days, at the distance of 223 millions of miles from him. 

45. " Juno was discovered by Mr Harding of Bremen, in 
1804. Her mean distance firom the sun is 253 millions of 

40. What is his appearance through the telescope ? How is it proved 
that Mars has an atmosphere of great density ? How great is tJie 8on*R 
heat at Mars?— -41. Why does Mars sometimes appear to us larger 
than at others ?— 43. Which are the new planets, or asteroids? — 44. 
When was Vesta discovered ? What is the period of Vestals annual re- 
volution ? — 45. When was Juno discovered ? What is her distanoe ^tgl 
the sun ? What is the period of her revolution^ «A!i'H<\aX\AiiL ^^owsaCw^'^ 
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miles. Her orbit is more elliptical than that of aajr other 
plaueti and, in oonsequence, she is sometimes 127 milUons of 
miles nearer the sun thaniat others. This planet complete? 
its annual revolution in 4 years and about 4 months, and re- 
volves round its a^ in 2[7 hours. Its diameter is 1400 
miles. 

4fi. '* Pallas was also discovered b^. Dr Olbers, in. 1802, 
Her distance &om the sun is 226 milhons of miles, and. her- 
periodic reiohition round him is performed in 4 years and 
7 months. 

47. " Ceresi waa discovered in 1801, by Fiazzi, of Paler- 
mo. Thia plimet performs her revolution in the same time 
as Fallas,. being 4 years and 7 months. Her distance from 
the sun is. 260 millions, of miles. According to Dr Herschel, 
this planet ia only about 160 miles in diameter. 

JUPirER, 

48. " Jupiter is 89,000 miles in diameter, and performs 
his ai^nual. revolution, once in about 11 years, at the distance 
of 490 millions of miles firom the sun. This is the largest 
planet in the solar system, being about 1400 times larger 
than the earth. His diurnal revolution is performed in nine 
hours and fifty-five minutes, giving his sunfaoet at the equator, 
a motion of 28,000 miles per hour. This motion is about 
twenty times more rapid than that of our earth at the 
equator 

49. "Jupiter, next to Venus, is the most brilliant of the 
planets, though the light and heat of the sun on him are nearly 
25 times less than on. the. earth. 

50. " This planet is distinguished from all the others, by 
an appearance resembling bands, which extend across his disc. 
These are termed heUs^ and are variable, botii in respect to 
number and appearance.. Sometimes seven or eight are seen, 
several of which extend quite across his face, while others 
appear broken, or interrupted. These bands, or belts, when 
the planet is observed through a. telescope, appear as repre- 



' 46, 47. What is.sald. of Pallv and Cerea ? 48. What ia the diameter 

of Jupiter? What is his distance froin the sun? What is the neriod 

of Jupiter's diunial.rewlution? — 49. What are the sun^s heat and light 

a^ Jupitap, when eompared vrith that of the eaith?— 5U. For what ia 

J^upit«r D^rtiaululy diatjoguished.? la ih& ap]^e«ts«aQ« ol 3>Kg\W %\)k^^ 

alwa^tha Bam% or do they ohimgeP 



Mntttd ui Elg, 5. Thia appearance is raucti tbe most com- 
mon, the belts mniuDg quite across the face of t^e planet ia 




Fig. 5. 

parallel' Ifiies. Sbmetimes, however, his aspect is quite diStr- 
«nt finni thiS) for in 1780, Dr H^rsubel saw the whole disc of 
JojHter covered with small curved lines, each of which ap- 
petved. bmken, or interrupted, the whole having a parallel 
airectiaii wnoes Ha disc, as in Fig. 6. 




51', " DiSiirent opinions have been advanced hy astrono- 
men reipecting the canse of iliese appearances. By some 
thej have been regarded as clouds, or- as openings in the 
atmosphere of the planet, while others imagine that Ibey are 
the marks of great natural changes, or revolutions, which 
are perpctmdly agitating the sur&ce of that planet. It is, 
however, most probable, that these appesrancei are produced' 
by the agency of some causa, ofwhion we, on this little earth, 
most always be entirely ignorant. 

63. "Juptber has bur satellites, or moonsj two of whicll 
BTs sonicdnieR seen with tho naked eje. They move toond,. 
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and attend Lim in his yearly revolution, as the moon does 
our earth. They complete tJieir revolutions at different pe- " 
^riods, the shortest of which is less than two days, and the 
longest seventeen days. 

53. ** These satellites oflen Ml into the shadow of their 
primary, in consequence of which they are eclipsed, as seen 
from the earth. The eclipses of Jupiter^s moons have been 
observed with great care by astronomers, because they have 
been the means of determining the exact longitude of places, 
and the velocity with which light moves through space. 
How longitude is determined by these eclipses, cannot be 
explained or understood at . this place, but the method by 
which they become the means of ascertaining the velocity of 
light, may be readily comprehended. An eclipse of one of 
these satellites appears, by calculation, to take place sixteen 
minutes sooner, when the earth is in that part of her orbit ; 
nearest to Jupiter, than it does when the earth is in that part 
of her orbit at the greatest distance from him. Hence, hgbt ' 
is found to be sixteen minutes in crossing the earth's orbit, 
and as the sun is in the centre of this on)it, or nearly so, it 
must take about 8 minutes for the light to come from him to 
us. Light, therefore, passes at the velocity of 95 millions of 
miles, our distance from the sun, in about 8 minutes, which 
is nearly 200 thousand miles in a second. 

SATURN. 

54. " The planet Saturn revolves round the sun in a pe- 
riod of about 30 of our years, and at the distance from hini 
of 900 millions of miles. His diameter is 79,000 miles, making 
his bulk nearly nine hundred times greater than that of tte 
earth ; but notwithstanding this vast size, he revolves on his 
ajda once in about ten hours. Saturn, therefore, performs 
upwards of 25,000 diurnal revolutions in one of his years, 
and hence his year consists of more than 25,000 days ; a pe- 
riod of time equal to more than 10,000 of our days. On 
account of the remote distance of Saturn from the sun, he 

• 

53. What occasions tihe eclipses of Japiter*s moons ? Of what use are 
these eclipses to astronomers? How is the velocity of light ascertained 
by the eclipses of Jupiter's satellites .»— 54. What is the time of Satom'g 
periodic revolution round the sun ? What is his distance from the sun ? 
w2uU bia diameter? What is the period of his diurnal revolution ? 
Mow many days make a year atBatam? Ho-wTMasjxaooxaVaa^- 



rMUTee only aboat a 90th part of the heat and light which we 
«ioj an the eaxth. Bat to compenEale, iu lome degree, fbr 
thu vut di«tHice Erom the sun, Satum hu aevea moonc, 
which revolve roond him at diSereut distancee, and at tariom 
periods, from 1 to 80 d^. 

55. " Saturn is disbngiudied fr<Hn the other plaoeta b^ 
hit rmg, u Jupiter ia by lua belt. When this planet m 
viewed thnnigh a teleecops, be appean mrrounded bj an 
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inunenie Inminone circle, which ia represented hy F 
There are indeed two luminoufl drdes, oi 



ring touch the body of the planet, there being, by estimation, 
aboutthedistance<^thirtythou9and miles between them. The 
external circumference of the outer ring is 610.000 miles, and 
lt8 breadth from the outer to the mner rircumference, 7,200 
milea, or nearly the diameter of our earth. The dark space 
between the two ringa, or the interval between the inner and 
the outer ring, ia 2,800 miles. This immense appendage 
revolves round the sun with the planet,— performe daily re- 
volnUoiw with it, and, according to Dr Herschel, is a solid 
' substance, equal in denmtj to the body of the planet itself. 
A6. " The design of Saturn's ring, an appendage so vast, 
and BO different from any thing presented by the other plan- 
ets, has always been a matter of speculation and inqoirj' 
among astronomers. One of it« most obvious uses appears 
to be that of reflecting the light of the son on the body of 
the planet, and possib^ it may reflect the heat also, so as in 
some degree to soften the rigour of so inhospitable a climate. 



' n&tiitiw. 



Whit diiUnea it (hen bettraen tb 
What diatuiM ii thm .b«^et>' 




hi. " Afi this planet Tevolrcs orouiul tlie sun, one of its 
•IdM ii Qlnniinated dnring one half of the year, and 4be 
Mher ude dnring the other half; %a that, a^ S&tum's year is 
equal to thirty of onr yeara, one of his sides will be en- 
lightened and darkened, alternately, eveiy fiiteen yearn, as 
. die poles of onr eaxtb are alternately in the light and dark 
■every year. 

.88. "Rg. 8 repreienta Satom as seen by an eye 
placed at ri^t an^cs to the pkne 
of his ring. When Men from thn 
earth, ku porition ia always obli- 
que, as represented by thia figure. 
Thn iimer white drcie represents 
the bodv of the ^^^eC, enlighten- 
ed by tke sun. TThe dark cirde, 
next to'this, b the nnenUghtened 
space between the body of the 
jjlanet and the inner ring, being 
the dark expanse of the heavens 
•beyond the planet. The two white 
circles are the rings of the planet, with the d^k space be- 
tween them, which also is the dork expanse of the heavens. 



59. "In consef[nence of some inequalities in the motions 
of Jupiter and Saturn, in their orbits, several astronomers 
had suspected th.i f. thure existed another planet beyond the 
iwbit oiSatiUTi, Ijy whose attractive influence these irregu- 
larities were produced. The conjecture was confirmed by 
Dr Herschel, in 1781, who in that year discovered the planet 
which is now generally known by the name of its discoverer, 
thoogh called by him Georgium sidiis. Tie orbit of Herschel 
is beyond that of Saturn, and at the distance of 1800 millions 
of nulcs from the lun. To the naked eye this planet appears 
Kke a star of the uxth magnitude, bcdng, with the exceptiott 
tjf some of the comets, the most remote body, so &r as is ■ 
known, in the solar system. 

£7. Haw long ii one of Sitom'i aiea ■ItcruUly in ths light ud 
'4ukP— £8. lD«li4tpoim<NiiiS*turanpMHiiUdinFiE. 8?— 59. TClut 
drcMi m tu m M to tha dluorny of HePwlnl P Id vW -nai, ind by 
whom, WM HuKbtl di«MV«r*d? WUt ti the diitance of Henehel 
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60. *' fierscbel completes his i^Toltttion^ound'thelBTxii in 
nearhr M of our years, movmg in his osrbit 'tft the mte of 
15,000 miles in an hour. His diamelier is 35,000 miles, so 
that his bulk is about eighty times that of the earth. 'The 
light and heat of the sun at Herschel is about 360 times 
less than it is at the earth, and vet it has been found, by cal- 
culation, that this light is equal to 248 of our full moons, a 
striking proof of the inconceivable quantity of light emitted 
by the sun. 




Kg. a 

Cl. ^^This planet has six* satellite, tdiidi revohre round 
nim at various distances, and in difierent timBs. The pericfds 
of some 6f these have been ascertained, vrhile those of the 
others remam unknown. 

62. ** RekUive situatUms of the pkmtiis. — ^Havins now ghnen 
a short account of each phmet composing the flolar system^ 
the relative situations of their several orbits, with the excep- 
tion of those of the Asteroids, are shown by Fig. 9, in which 
the orbits are marked by the sisns of each pl^iet, of which 
the first, or that nearest the sun, is Mercury, the next Venus, 

60. In yrhMi period is his reyoltition found ''the nm. ig ^fa tt g Ai^ 
l¥h»t is the diameter of Herachel? W^jiJfc *\% \Jr» ^ssomol^^:^ ^\^^^L 
Mad hmtat Hersehel, when «raip«ed^ttiV3aiw«ol^'ft<«5^'^-'^^^^*'*** 
lOMoy MteUi'tes htm Herschel ? 
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the third the Earth, the fourth Mars; then come those of 
the Asteroids, Uien Jupiter, then Saturn, and htstly Herschel. 
63. " Comparative dimensions of (ke planets, — ^The com- 
paratire dimensions of the planets are dehneated at Fig. 10. 




o^ o o O ( l'®'***^ 

Rg. 10. Maou-^o-^ ^ ^ 

• PARALLAX. 

64. When the position of a heavenly body is observed 
from different parts of the earth's surface, it is by no means 
referred to the same point in the heavens : the apparent posi- 
tion of the luminary changes with the actual position of the 
observer. This difficulty does not occur in the case of the 
fixed stars, which are placed at such infinite distances from 
our globe, that the visual rays, proceeding from any individ- 
ual star to different parts of the earth, may be considered 
parallel. This supposition cannot, however, be made with 
respect to those bodies which compose the solar system, since 
they are very much nearer to us, and are consequently seen 
in different directions from different points of observation. 
It is, accordingly, necessary to consider more particularly the 
effect of this difference of situation, and to find the means of 
applying the proper correction. 

65. The term/)araZ/ax denotes simply a change of place or 
of aspect. In astronomical language, however, it is restricted 
to the difference of apparent positions of any celestial object 
when viewed from a station on the surface of the earth, and 
from its centre. The centre of the earth is the general station 
to which all astronomical observations are referred ; but as 
we observe from the surface, a reduction to the centre is needed ; 

64. Is the position of a lieavenly body the same "when observed at 
different points on^he eartVs surface? Do the fixed stars differ from 
the planets in this respect? — 65. What is the genera], and -what the* 

jtsiivnomictd meaning of the term parallax? What is the differoncij 

bfftweea diurnal and annual parallax ? 
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and the amount of this reduction is called parallax. In 
other words, the parallax of a body si^^es &e difference 
between its apparent place and its true place, or that in 
which it would be seen if the observer were situated at the 
centre to which the motion is referred. When the point of 
reference is the centre of the earth itself, the change of aspect 
is called the diurnal parallax; when it is the centre of the 
earth's orbit, the change is called the annual parallax. 

66. " Diurnal paraUax, — ^The diurnal parallax of a hea- 
venly body will be readily understood by reference to the 
diagram, Fig. 11. Let c be the centre of the earth, a the 

place of the observer, z his 
zenith, and s a heavenly body. 
On observing the body from 
A, it will be seen in the direc- 
tion A s, making the angle 
ZAS with the zenith. But 
if the observer could be placed 
at c, he would see the body 
in the cUrection c s, making 
the angle z c s with the zenith. 
The difference between these 
two angles z A s and z c s is 
the panulax of s, which, there- 
fore, is equal to the angle A s c. Hence it appears that the 
parallax of a celestial body is the angle comprised between 
two lines drawn from the body, the one to the centre of the 
earth, and the other to a point on its surface. On account 
of the immense distance of the fixed stars, the diurnal paral- 
lax is altogether insensible with regard to them. It may 
amount to a degree in respect of the moon ; but the greatest 
parallax of the nearest planet does not exceed 30". It ia 
evident from the inspection of the figure, that, although the 
^stance of the object s remains the same, the angle a s c is 
not a constant quantity, but is greatest when s is seen in the 
direction of the norizon A h, and diminishes as the altitude of 
6 increases, until it vanishes altogether at the zenith, where 
the two lines A 8 and c s merge into the line c z. 

67. ^^ Annual paraUax, — m what has yet been said, the 
centre of the earth has been taken as the point of reference, and 

66. Explain Fig. 11. What U \li« KwJtwfc ^t^J^-kil ^V '^^ xasawiw 
planet ?-^67. What is the parallax of &q f^raaX <>t\^^ 

l> 




Fig. 11. 



26 MOTIONS OF TBS PIkAKETS. 

therefore regardbas onlybeen had to tbiedifiference of apparent, 
actuation occasioned' by the eccentric position of the obserrer 
at tbe sur&ce of the earth. But the sun, and not the eaithy 
may be regarded as the centre to which the motion is referred, 
and the position of any celestial body of which the distance from • 
the sun is not so great as^ to be incomparable with the semidia>» 
meter of the earth*^ orbit, would be difibrent if viewed &om the> 
sun, from what it is when viewed from the earth. Thi» difier*^ 
ence is called ihecmnualparallaxj or parallax of the great orb. 
It is theangle under which the semidiimieter of the earth-s orbit^ 
would be seen from a< superior planet, or from a fb^ed star. 
Such, however, is the ^lormous distance even of the nearest 
fixed stars, that, excepting two or three instances, which 
perhaps may still be regarded as doubtful, not one of them 
has yet been discov^^d to be sensibly aJSected by annual 
parallax; though (Observations have been carried to such 
nicety, that, did the quantity in question amount to a single 
second, it could not possibly have escaped detection.'^ — 
Brande^s Diet of Science^ Sfc. 

MOTIONS OF THE PLANETS. 

68. "It is a well known law in physical science, that 
all undisturbed motion is straight forward, and that a body 
projected into open space, would continue perpetually to 
move in a right line, unless retarded; or drawn out of this 

. course by some external cause. To account for the motiona 
of the planets in their orbits, we will suppose that the earthy 
at the time of its creation, waa thrown by the hand of the 
Creator into open space, the sun having been be&re created 
and fixed in his present place^ 

69. "By the term compound motion^ it is meant, that 
when a body is acted on by two 
forces perpendicular to each other, 
its motion will be in a diagonal 
line between the direction of the 
two forces. But we will again 
here suppose that a b^ be mov- 
ing in the line m x. Fig. 12, with p. ,„ 

a given force, and that another force ^' * 

69. Suppose a body to be acted on by two forces perpendicular to each 
ctberf in wb&t dinection will it move? Vf^ d»«» tha ball. Fig. 12, 
move In a straight Une? 
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half as great should strike it in the direction of K, the ball 
would uien describe the diagmaLc^a. parallelogram^ whose 
len^h would be just equal to twice its breadth, and the line 
of the ball would be straight, because it would obey the 
impulse and direction of these two forces, only; 

70. ^^ Now. let A, Fig. 18, represent the earth, and s the 
sun ; and. suppose the ea^cth to be moving forward, in the line 

from. A. to B, and to have aa> 
rived at A,, with a velocity suf- 
ficient, in a given time, and 
without disturbance^ to carry 
ii to B. But at the point A^ 
the sun, s, acts- upon the eart^ 
with his attractive power, and 
with a force which would draaw 
it to c, in the same space of 
time that it would otherwise 
h&ve ^one te b. Then the 
earth, mstead of passing to b, 
in a straight line, would be 
drawn down to d, the diagonal of the parallelogram* a^ b, 
B, c. The line of direction, in Fig; 12, i» straig]^ because 
the body moved obeys only the direction of the two forces ^ 
but it is curved from A to d, Fig. 13, in consequence of the 
continued force of the sun^s attraotbn, whidi produces a 
constant deviation from a right line. Wh^i the earth ar-> 
rivea at d, still retaining its projectile or centrifugal fi>rce^.itB 
line of direction would be towards N, but while it would pass 
along to N without disturbance, the attracting force of the 
sun is again sufficient to bring it to £, in a straight line, so 
that, in obedience to the two impulses, it again describes the 
curve to o. 

7L *^ It must be remembered, in order to account fop 
the circular motions of the planets, that the attractive force 
of the sun is not exerted at once, or by a single impulse, aa 
is the case with the cross forces, producing^a^straight line, but 
that this force is imparted by decrees, and is constant. Ift 
therefore acts equally on the earth, in all parts of the course 
from A to D, and from d to o. From o, the earth, having 

70. Why does the earth, F\g,\a,moN^ \tlk w»csA\asfc\ ^f"^*^^ 
Fig, 13, and show how th^ two ioiwft wit V> ^^^^^ ^ ^=**^*'^** 
1^ motion ? 
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the same impulses as before, moves in the same curved or 
circular direction, and thus its motion is continued perpe- 
tually. 

72. " The tendency of the earth to move forward in a 
straight line, is called the centrifugal force^ and the attrac- 
tion of the sun, by which it is drawn downwards, or towards 
a centre, is called its centripetal force^ and it is by these two 
forces that the planets are made to perform their constant 
revolutions around the sun. 

73. ^^ In the above explanation, it has been supposed that 
the sun^s attraction, which constitutes the earth^s gravity, was 
at all times equal, or that the earth was at an equal distance 
from the sun, in all parts of its orbit. But, as heretofore ex- 
plained, the orbits of all the planets are elliptical^ the sun 
being placed in the lower focus of the ellipse. The sun's 
attraction is, therefore, stronger in some parts of their orbits 
than in others, and for this reason their velocities are greater 
at some periods of their revolutions than at others. 

74. " To render this intelligible, suppose, as before, 
that the centrifugal and centripetal forces so balance each 
other,that the earm moves round 
the circular orbit A E b. Fig. 14, 
until it comes to the point e ; and 
at this point, let us suppose that 
the gravitating force is too strong 
for the force of projection, so 
that the earth, instead of con~< 
tinuing its former direction to- 
wards B, is attracted by the sun 
8, in the curve e c. When at c, 
the line of the earth's projectile 
force, instead of tending to carry q. 
it farther firom the sun, as would D Fig. 14. 

be the case were it revolving in a curcular orbit, now tends 
to draw it still nearer to him, so that at this point it is im- 
pelled by both forces towards the sun. From c, therefore, 
the force of gravity increasing in proportion as the square 
of the distance between the sun and earth diminishes, the 
velocity of the earth will be uniformly accelerated, until it 

72.^ What is the projectile force of the earth called? What is the 
attnctire force of tne sun, which diavrft the «axth. toNirards him, called? 
F4. Explain Fig, 14, and show the leason "vAi^ >i^« ^«\Q<»\rs \ik v&Kxnw«^ 
^m c toD, and why it is not retarded fcom i> Vj q. 
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arrives at the point nearest tbe sun, D. 
orbit, the earth will have gained, by il 
go much centrifugal force, as to give it 
come the aun's attraction, and to fly off in the line D o. But 
the son's attnictjon being also increased by the near approach 
of the earth, the earth is retained in its orbit, notiriuiatand- 
ing its increased centrifiigal force, and it therefore passes 
through the opposite psrt of its orbit, from d to O, at the 
same distance from hiin that it approached. As the earth 
passes from the sun, the force of gravity tends continually 
to retard ita motion, as it did to increase it while approach- 
ing him. But the velodty it had acquired in approaching 
the snn, ^ves it the some rate of motion from d to Q, that 
it had from c to d. From g, the earth's motioa is uniformly 
retarded, unUl it agvn arrives at £, the point from which it 
commenced, and from whence it describes the same orbit, 
by virtue of the same forces, as before. Tho earth, there- 
fore, in its journey round the sun, moves at ver^ unequal 
velocities, sometimes being retarded, and then agam accele- 
rated, by the sun's attraction. 

76. " It is an interesUng rarcumstance, respectiDg the 
motnns of the planets, that if the contents of their orbits be 
divided into unequal biangles, tho acute angles of which cen- 
tre at the sun, wiUi the line of the 
ori>it for their bases, the centre of the 

at will pass through each of these 
in equal times. This will be 
I understood by Ftg. 15, the ellipUcal 
circle being supposed to be the earth's 
orbit, with the sun, s, in one of the 
a foci. Now the spaces 1, 2, 3, &c 
though of different shapes, are of the 
same dimeufflons, or contain the same 
quantity of sur&ce. The earth, we 
have already seen, in its joomey round 
the sun, describes an ellipse, and 
moves more rapidly in one part of ita 
I another. But whatever may bo its actnal 
velocity, its comparative motion is through equal areas in 
equsl times. Thus ita centre passes from £ to C, and from 
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it by a plwcVipuauis&toQ^ m;^^ 
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c to B, in the same period of time, and so of dll the othar 
divisions marked in the figure. If the figure, therefore, be 
considered the plane of the earth^s orbit, divided into 12 equal 
areas, answering to the 12 months of the year, the earth ^wiU 
pass through the same areas in every month, but the spaaes 
through which it passes will be increased, during every month, 
for one half the year, -and diminished, during eve^y TBin^itH, 
for the other half. 

76. *^ The reason why the planets, when they Amroadi 
near the sun, do not fall to him, in consequence of nis in- 
creased attraction, and why they do not fiy ofi* into open 
space, when they recede to the greatest distance firom him, 
may be thus explained : — 

77. '^Taking the earth as an example, we have ahovm 
that when in the part of her orbit nearest the sun, her velo- 
city is greatly increased by his attraction, and that 00D8e<^ 
Quently the earth^s centrifiigal force is increased in propor- 
tion. As an illustration of this, we know that a 'thread 
which will sustain an ounce ball, when whirled round in the 
air, at the rate of 60 revolutions in a minute, would be 
broken were these revolutions increased to the nmnber of 
60 or 70 in a minute, and that the ball would then % off in 
a straight line. This shows that when the motion of a re-^ 
volving body is increased, its centrifugal force is also in- 
creased. Now, the velocity of the earth increases in an 
inverse proportion, -as its d^tance fi:om the sun diminiahes, 
and in proportion to the increase of velocity is its centrifagal 
force increased ; so that, in any other part of its orbit, exc^t 
when nearest the sun, this increase of velocity would carry 
the earth away fi*om its centre of attraction. But this in- 
crease of the earth^s velocity is caused by its near 'approadi 
to the sun, and consequently the sun^s attraction is increased, 
as well as the earth^s velocity. In other terms, when the 
centrifiigal force is increased, the centripetal force is increased 
in proportion, and thus, while the centrifugal force prevents 
the earth from falling to the sun, the centripetal force pre- 
vents it fi*om moving off in a straight line. 

78. *^ When the earth is in that part of its orbit most disr 

77. How is it shown, that if the motion of a revolving body is in- 
creased, its projectile force is also increased ? By 'what force is the 
eorth^s Telocity increased as it approaches the sun ? When the earth is 
nearest the sun, why does it not fall to \i\m? 1ft. 'WVmxl ^^ «mi5Sk^^ 
centrifagal force is greatest, what preventa ita ft^xv^ to ^^ aQ3a>"? . 
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tant from the sun, its projectile Telocity being retarded by 
the counter force of the sun^s attraction, becomes greatly 
diminished, and then the centripetal force becomes stronger 
than the oentrifiigal, and the earth is agtdn brought back rx/ 
the sun's attraction, as before, and in this manner its motion 
goes on without ceasing. It is supposed, as the planets more 
through ^aces void of resistance, that their centrifugal forces 
remain the same as when they first emanated from the hand 
of the Creator, and that this force, without the influence of the 
Bun's attraction, would cany them forward into infinite spaceJ* 

ICEPLEB^S LAWS. 

79. The lows of elliptic motion about the sun as a focus, 
and of tiie equable description of areas by lines joining the 
sun and planets, were origually established by Kepler, firom 
a consid^tion of the observed motion of Mars ; and were by 
him extended, analogically, to all the other planets. These 
laws are three : — 

1. Thai every planet moves so that the line drawn from it to 
the sun describes about the sun areas proportional to the 
times. 

2. That ike planets all move in elliptic orbits^ of which the 
Sim occupies one of the foci, 

3. That the squares cf the times of the revolutions of the 
planets are as the cubes of their mean distances from the 
sun. 

The announcement of these laws by Kepler led to a further 
in^u^ into the canBes which governed these movements. 
1. From the first law, Newton concluded that the force acting 
on the planets is directed towards the centre of the sun, 2, From 
the second law, he determined tJiat the force acting on the 
planets is in the inverse ratio of the sauare of the distance of 
their eentres^from that of the sun, 8. From the third law, he 
found that deforce is proportionate to the mass, 

^0. Keplersjirst law, — " The first law of Kepler gives us 
no infonnation as to the nature or intensity of the force urging 
the planets to the sun ; the only conclusion it involves, is that 
it does so urge them. It is a property of orbitual rotation 
under the influence of central forces generally, and, as such, 
we daily see it exemplified in a thousand fiuniliar instances. 

79. 8Ute the three laws of "KepVei. \N\saJt co\l<^^L^»^«vA ^v^^^^fJ^**©- 
dnw from these laws ?— 80, IVlMSttale lSk» %«X.\kw QR.^«^«t. 
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A simple experimental illustration of it, is to tie a bullet to 
a thin string, and, having whirled it round with a moderate 
velocity in a vertical plane, to draw the end of the string 
through a small ring, or allow it to coil itself round the finger 
or a cylindrical rod held very firmly in a horizontal position. 
The bullet will then approach the centre of motion in a spiral 
line ; and the increase not only of its angular but of its linear 
velocity, and the rapid diminution of its periodic time when 
near the centre, will express, more deany than any words, 
the compensation by which its uniform description of areas is 
maintained under a constantly diminishing distance. If the 
motion be reversed, and the thread allowed to uncoil, begin- 
ning with a rapid impulse, the velodty will diminish by the 
same degrees as it before increased. The increasing rapidity 
of a dancer's pirouette, as he draws in his limbs and straightens 
his whole person, so as to bring every part of his fi:'ame as near 
as possible to the axis of his motion, is another instance where 
the connection of the observed efiect with the central force 
exerted, though equally real, is much less obvious." — Her" 
scheVs Astronomy. 

81. Kapler^s second law. — "The second law of Kepler 
involves, as a consequence, the law of solar gravitation (so 
be it allowed to call the force, whatever it be, which urges 
them towards the sun), as exerted on each individual planet, 
apart from all connection with the rest. A straight line, 
dynamically speaking, is the only path which can be pursued 
by a body absolutely free, and under the action of no external 
force. All deflection into a curve is evidence of the exertion 
of a force ; and the greater the deflection in equal times, the 
more intense the force. Deflection from a straight line is 
only another word for curvature of path ; and, as a circle is 
characterized by the imiformity of its curvature in all its parts, 
so is every other curve (as an ellipse) characterized by the 
particular law which regulates the increase and diminution 
of its curvature as we advance along its circumference. The 
deflecting force, then, which continually bends a moving body 
in a curve, may be ascertained, provided its direction, m the 
first place, and secondly, the law of curvature of the curve 
itself, be known. Both these enter as elements into the ex- 
pression of the force. A body may describe, for instance, 

_^__^^ 

ffl. What principle is involved in the ftecoix6L\KV oi"K.c^\«t"? ^\wo\ 
Sg the cause ot corvatiire of motion? 
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an ellipse, under a great variety of dispositions of the acting 
forces: it may glide along, for example, as a bead upon a 
polished wire, bent into an elliptic form ; in which case the 
acting force is always perpendicular to the wire, and the 
velocity is uniform. In this case the force is directed to no 
fixed centre, and there is no equable description of areas at 
alL Or it may describe it as we may see done, if we suspend 
a ball by a very Ions string, and, drawing it a little aside 
from the perpendicular, throw it round with a gentle im- 
pulse. In this case the acting force is directed to the centre 
of the ellipse, about which areas are described equably, and 
to which a force proportional to the distance (the decomposed 
result of terrestrial gravity) perpetually urges it. This is at 
once a very easy experiment, and a verv instructive one. 

1 82. ^^ In the case before us, of an elhpse described by the 
action of a force directed to the focus, the steps of the in- 
vestigation of the law offeree are these: 1st, llie law of the 

' areas determines the actual velocity of the revolving bodv at 
every point, or the space I'eally run over by it in a given 
minute portion of time ; 2dly, The law of curvature of the 
ellipse determines the linear amount of deflection from the 
tangent in the direction of the focus,, which corresponds to 
that space so run over ; 3dly, and lastly, The laws of accele- 
rated motion declare that the intensity of the acting force 
causing such deflection in its ovon direction, is measured by, or 
proportional to, the amount of that deflection, and may there* 
fore be calculated in anv particular position, or generally 
expressed by geometrical or algebraical symbols, as a law 
independent of particular positions, when that deflection is 
so calculated or expressed. We have here the spirit of the 
process bv which Newton has resolved this interesting pro- 
olem. For its geometrical detail, we must refer to the third 
section of his Principia, We know of no artificial mode of 
imitating this species of elliptic motion; though a rude ap- 
proximation to it— enough, however, to give a conception of 
the alternate approach and recess of the revolving body to 
and from the fOcus, and the variation of its velocitv — ^mav be 
had by suspending a small steel bead to a fine and very long 
silk fibre, and setting it to revolve in a small orbit round the 
pole of a powerfiil cylindrical ma^et, held upriglit^ es^sL 
vertically under the point of saapefnsion.^'' — ^I\Ad« 

S2. C^ny1m\XlxuiaaXl^iiDl^^x9l^^'^s^ 
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88. Kq)Jer's third law.-^"' The third law of Kepler, yiMck 
connects tlie distances and periods of the planets by a general 
rule, bears with it, as its theoretical interpretation, this im- 
portant conseqnence, viz., that it is one and the same force, 
modified only by distance from the sun, which retains all the 
planets in their orbits abont it. That the attraction of the 
sun (if sndi it be) is exerted upon all the bodies of our sys- 
tem indifierently, without regard to the peculiar materials 
of which they may consist, in the exact proportion of their 
inertise, or quantities of matter ; that it is not, therefore, of 
the nature of the elective attractions of chemistry, or of mag- 
netic action, which is poweriess on other substances than iron 
and some one or two more, but is of a more universal aha* 
racter, and extends equally to all the material constituents 
of our system, and to those of other systems than our own. 

84. *^ This law, important and general as it is, results, as 
the simplest of coroUaiies, from the relations established by 
Kewton in the section of the iVincipta referred ta(prop. 15), 
^om which proposition it results, that if the earth were taken 
■from its actual orbit, and launched anew in space at the place, 
in the direction, and with the velocity of any of the other 
planets, it would describe the very same orbit, and in the 
same period, which that planet actually does, a very minute 
•'correction of the period onhr excepted, arising from the dif- 
ference between the mass of the earth and that of the planet. 
•Small as the planets are compared with the sun, some of 
them are not, as the eartii is, mere atoms in the comparison. 
The strict wording of Kepler's law, as Newton has proved in 
•ills £fty-ninth proposition, is applicable only to the case of 
planets whose proportion to the central body is absolutely 
inappreciable. Wiien this is not the case, the periodic time 
is shortened in the proportion of the -square root of the num- 
ber expressing the snn^s mass or inertia, to that of the sum 
of the numbexs expressing the masses of the sun and planet ; 
snd in general, whatever be the masses of two bodies re* 
volvittg round each other under the iofluenoe of the New- 
tonian law of gravity, the square of their periodic time will 
be expressed by a fraction, whose numerator is the cube of 
their mean distance, i. e. the greater semi-axis of their 
elliptic orbit, and whose denominator is thesum of their masses. 

ffS. What imporUnt eondarion \b deduced, fxcfm ^e \^\td \k^ ol 
Kepler? 
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When one df the mafises is inoomparably greater than the 
Ather, this resolves itself into Kepler's law ; but when this 
is oiet the ease, the profMwition thus generalized stands in 
iieu of that law. In the syst^n of uie sun and planets, 
however, the numerical correction, thus introduced into the 
Msults of Kepler's law, is too ^maU to be of any importance, 
the mass of the lai^gest of the i^anets (Jupiter) bemg much 
less than a thousandth part of that of the sun.'' — lUd, 

THE EABTH. 

65. ^^It is almost oniversaUy believed in the pi^esent day, 
ihat die apparent daily motion of the heavenly bodies from 
^ast to west, is caused by the real motion of the earth from 
west to east, and yet there are comparatively few who have 
•examined tiie evidence on which this belief'is founded. For 
•^lis veason, we will here state the most obvious, and to a 
common observer, the most convincing proo& of the earth's 
■revolution. These are, first, the inconceivable velocity of 
the heavenly bodies, and particularly of the fixed stars around 
4he earth, if she stands still. Second, the fact, that all as- 
:trenomers of the present age agree that every phenomenon 
4irkioh the heavens present, can be best accounted for, by 
supposing the earth to xevolve. Third, the analogy to be 
dxttwn from many of the other planets, which are known to 
ire¥olve on their axis; and fourth, the <lifierent lengths of 
days and nights at the difierent planets, ibr did the sun re- 
•velve about the solar system, the days and nigltts at many 
«f the planets must be of similar leng^. 

86. *^The distance of the sun m>m the earth being 95 
millions of miles, the diameter of the earth's orbit is twice its 
distance firom the sun, and therefore 190 millions of miles. 
Now, the diameter of the earth's orbit, wiien seen fi:om the 
Jiearest fixed star, is a mere point, and were the orbit a solid 
•mass of opaque matter, it could not be seen, with such eyes 
as x>urs, ^om snoh a distance. This is known by the fisict, 
ihat these stars i^pear no larger to us, even when our sight 
IS assisted by the best telescopes, wh^i the earth is in that 
part of her orbit nearest them, than when-at the ^eatest dis- 

85. What are the most obvious and eonvinoin^ proofs that the earth 
ffevoWes on its axis? — 86. Were the earth*B orbit a solid xoauo^^Ksv^^ 
it be seen by us at the distance of t&M ^ibftdi ^as^*^ %«mMiKi ^da» ^»3!^^ 
Mtood still, bow faet most the san mo^e to %o twoA \^ WzA-'^'^'^ ^^.^ 
wbMt nte must the fixed stars move lo ga io\rcA>2Q» ^•i^^Na^.^*^^^'^*** 
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tance, or in the opposite part of her orbit. The approach, 
therefore, of 190 millious of miles towards the fixed stars, is 
so small a part of their whole distance firom us,* that it makes 
no perceptible difierence in their appearance. Now, if the 
eartn does not turn on her axis once m 24 hours, these fixed 
stars must revolve around the earth at this amazing distance 
once in 24 hours. If the sun passes around the earth in 24 
hours, he must travel at the rate of nearly 400,000 miles in a 
minute; but the fixed stars are at least 400,000 times as &r 
beyond the sun, as the sun is firom us, and, therefore, if they 
revolve around the earth, must go at the rate of 400,000 
times 400,000 miles, that is, at the rate of 160,000,000,000, : 
or 160 billions of miles in a minute; a velocity of whidi we 
can have no more conception than that of infinity or eternity. 

87. *^ In respect to the analogv to be drawn fi*om tne 
known revolutions of the other planets, and the difierent 
lengths of days and nights among them, it is sufficient to 
state, that to the inhabitants of Jupiter, the heavens appear 
to make a revolution in about 10 hours, while to those of 
Venus, they appear to revolve once in 23 hours, and to the 
inhabitants of the other planets a similar difierence seems 
to take place, depending on the periods of their diurnal re- 
volutions. Now, there is no more reason to suppose that 
the heavens revolve round us, than there is to suppose that 
they revolve around any of the other planets, since the same 
apparent revolution is common to them all ; and as we know 
that the other plimets, at least many of them, turn on their 
axis, and as all the phenomena presented by the earth caa 
be accounted for by such a revolution, it is folly to conclude 
otherwise. 

CIRCLES AND DIVISIONS OF THE EABTH. 

88. ^*It will be necessary for the pupil to retain in his 
memory the names and directions of the following lines, or 
circles, by which the earth is divided into parts. l£ese lines, 
it must be imderstood, are entirely imaginary, there being no 
such divisions marked by nature on the earth's sumce. 

87. If the heavens appear to revolve every 10 hours at Jupiter, and 

every 24 hours at the earth, how can this difference he accounted for if 

they revolve at all ? Is there any more reason to helieve that the sum 

rerolreg Toand the earth than round any of the otVi«t ^\aAAt&? Hew 

caa all the phenomena of the heavens be Mco\mXo^loT,M >^«^ ^^ wqjv. 

JvroJreP 
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Tbej arc, however, so necesstirf , that no sccuratB deecrip' 
tion of the earth, or of iU position with respect to the hea- 
veoly bodies, can be conveyed without them. 

89- "The earth, whose diameter is 7912 miles, is repre- 
BeDted by the globe, of sphere, Fig. 16. The straight Hne 
AB passing through its centre, and about which it turns, is 
called its axii, and the two 
extremities of the axis are the 
polet of the earth, a bdng the 
north pole, and B the south 
pole. The line CD, cro 
the axis, passes i^oite r 
the earth, and divides it into (^ 
two equal parts. This is call- 
ed the equinoctial line, or tha i 
equator. That part of the 
earth, dtoated north of this 
line, is called the norHiem 
hentitphere, and that part south 
of it, the stmiAem hemisphere. ^ ^^ 

The small circles e r, and o h, surrounding or including the 
poles, are called the pvlar circla ; that surrounding the north 
pole is called the arctic circle, and that aurrounding the south, 
the antarctic circle. Between these circles, there is, on each 
side of the equator, another drcle, which marks the extent 
of the troincs towards the north and south, from the equator. 
That to the north of the equator, i k, ia called the trt^e of 
Cancer, and that to the south, i. u, the tropic of Capricorn, 
The drde l e, extending obliquely across the two tropics, 
and crossing the axis of the earth, and the equator, at their 
point of intersection, is called the eclqitic. This corcle, as 
already expluned, belongs rather to the heavens than the 
earth, being an ima^ary extension of the plane of the 
earth's orbit in even direction towards the stars. The line 
in the figure shows the comparative position or direction of 
the ediplic in respect to the equator, and the axis of the 

S9. WhitiBtbakiiioftliaraithP Wlu>t m thapolBtottbteaithP 
What ii tlia eqnstorP Wbnv us tba Doithem and lauthan. bmo^ 
»p!n™»? Wh»tmrathapolKcirel««? VJ\iicf\t.a«MtiC->6,KA.-*«*>-;^« 



Whst ii tha eclii^c 
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90. Equinoctial line, or equator. — It has been stated, ia 
tlie preceding paragraph, that the diameter on which the 
earth turns is called its axis, the extremities of which, are 
termed its poles. Between these poles, erer^ point in the 
earth does, hjitB dinmal rotation, describe a curcie; and^ be- 
cause all these circles, however numerous they ma^r be^ mnsl 
always keep at the same distance from the equator, or great 
circle, and run, as it were, by the side of each other, theyan 
hence called parallels. The greatest of all these cirdes, on 
parallels, is that which occupies the precise middle between 
the poles. It is called the equator, because it divides tile 
globe into two equal parts, as stated above ; and equinocikU 
Ime, because, vrhea. the sun is in its plane, noctes Cdquantur^ at 
the day and night are equal over the whole sur&ce of the 
earth. If this equator ran along exactly under the ecliptic 
of the heavens, there would always be equal day and mgbt 
over the w%o2e world. But the equator- crosses the ediptici 
as shewn in the figure, and hence the day and night are equal 
only twice in the year, viz., when the sun appears in one of 
those two points of the ecliptic where the equator GrosseB 
it, viz., in the first point of aries and the first of Itbrai 
These two points are therefore called the equinoctial ppinisi 
and the times of the year corresponding to them are called 
the vernal and the autumnal equinoxes, the one occurnBg-iit 
spring, the other m autumn. 

91. The tropics. — ^The tropics are those circles on the 
earth's surface, over which the sun appears to pass directiy, 
when he is at the greatest distance northward and southward 
fi?om the equator, viz., 23^ degrees in either direction; 
hence, the one is called the northern, the other the sotUhiem 
tropic. In the former case, the sun appears to be in the 
beginning of Cancer; in the latter, in the beginning of Capri- 
corn. The term tropic, derived fi:om the Greek word iropikos^ 
denotes a point where a turn is made ; for the line of the 
ecliptic quitting the equator in the first point of aries, continues 
to nse higher northward, till it reaches the first point of can^ 
cer, when it turns to the southward ; and, afler again cutting 
the equator at the first point of libra, continues to descend 
southward till it reaches the first point of capricom, when 



90. What is meant by parallels ? Explain the etymobgy of the word 
equator. What are the equinoctial points ? — ^d\. vj\vajc> ax« ^«k Xxo^vci^'^ 
To what distance do they extend noith aad BOixt\i oi Viia «cc^\«t'* 
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it again turns to the northward, and proceeds again to 
aries. 

92. Solstices, — ^The solstices are closely connected inih 
the tropics. The term solstice denotes a standing still of the 
sun. The sun, in fact, appears to make a stand in the first 
points of Cancer and Capricorn, going neither northward nor 
southward; and as these stationary appearances occur in the 
summer and winter, these two seasons of the year are termed 
the summer and winter solstices. Hence the equinoxes and 
the solstices alternate with each other, in the following order: 
vernal equinox, summer solstice; autumnal, equinox, winter 
solstice. 

93. Polar circles, — ^The north and south, polar circles are 
situated at the same distance firom the poles of the earth, as 
the tropics are firom the equator, viz. 23| deg^es. These 
polar circles boimd those portions of the eartii where day or 
night continues during several diurnal revolutions of the 
esaih. 

94. ^^ The Imes crosang those ahready described, and 
meeting at the poles of the earth, are called meridian lines^ 
or mid-day lines, for when the sun is on the meridian of a 

glace, it is the middle of the day at that place; and, as these 
nes extend from north to south, the sun shines on the whole 
length of each, at the same time, so that it is 12 o^dock, at 
the same time, on every place situated on the same meridian. 

95. ^^ The spaces on the eartii, between the lines extend- 
ing firom east to west, are called zones. That which lies be- 
tween the tropics, from M to k, and from i to l, is called the 
torrid zone, because it comprehends the hottest portion of 
the earth. The spaces whicn extend fr^m the tropics, north 
and south, to the polar circles, are called temperate zoneSy 
because the climates are temperate, and neither scorched 
with heat, like the tropics, nor chilled with cold, like the 
fiigid zones. That lying north of the tropic of Cancer, is 
called the north temperate zone, and that south of the tropic 
of Capricorn, the south temperate zone. The spaces included 
within the polar circles, are called the frigid zones. The 
lines which divide the globe into t^o equal parts, are called 

92. What are the solstiees? What does the tenn signify? — 93> 
WhaAare the polar circleB?— 94. What axethft TSMBfv^wwLVxasR.'^— ^"^^ 
On what part of the earth is the XmrA wma"? lisrw w^^^'ass^'***^ 
sdutb temperate zones bounded ? VAiete ax^ VJiaft tt^aft. -uxawv^ H'^^oasss*' 
Mre the gntit Mad which the leiwr cax^M ol ^<d ^ix^oi'^ 
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the great circles; these are the ecliptic and the equator. 
Those dividing the earth into smaller parts are called die 
lesser circles ; these are the lines dividing the tropics from 
the temperate zones, and the temperate zones from the frigid 
zones, &c. 

96. ^^ Horizon: — The horizon is distinguished into the 
sensible and rational. The sensible horizon is that portion 
of the surface of the earth which bounds our vision, or the 
circle around us, where the sky seems to meet the earth. 
When the sun rises, he appears above the sensible horizon, 
and when he sets, he sinks below it. The rational horizon 
is an imamnary line passing through the centre of the earth, 
and dividmg it into two equal parts. 

97. " Direction of the ecliptic, — ^The ecliptic, we have 
already seen, is divided into 360 equal parts, called degrees. 
All circles, however lar^e or small, are divided into degrees, 
minutes, and seconds, m the same manner as the ec£ptic. 
The axis of the ecliptic is an imaginary line passing through 
its centre and perpendicular to its plane. The extremities 
of this perpendicular line, are called the poUs of the ecliptic. 

98. "If the ecliptic, or great plane of the earth's orbit, 
be considered on the horizon, or parallel with it, and the line 
of the earth's axis be inclined to the axis of this plane, or the 
axis of the ecliptic, at an angle of 23^ degrees, it will r^re- 
sent the relative positions of the orbit, and the axis of^the 
earth. These positions are, however, merely relative, for 
if the position of the earth's axis be represented perpendicu- 
lar to the equator, as a b. Fig. 16, then the ecliptic vnll 
cross this plane obliquely, as in that figure. But when the 
earth's orbit is considered as having no inclination, its axis, 
of course, will have an inclination, to the axis of the ecliptic, 
of 23 J degrees. 

99. " As the orbits of all the other planets are inclined 
to the ecliptic, perhaps it is the most natural and convenient 
method, to consider this as a horizontal plane, with the 
equator inclined to it, instead of considering the equator on 
the plane of the horizon, as is sometimes done. 

96. What is the difference hetween the sensihle and the rational 
horizon? — 97. What is the axis of the ecliptic? What are the poles 
of the ecliptic ?— 98. How many de^es is the axis of the earth inclined 
to that of the ecliptic ? What is said concerning the relative positions 
of the maih^B axis and the pluie of the ecVipWc?— ^^. A.t« ^yv.« ^^xbUa 
ofilie other planets parallel to the oartlx'a oibit, oi m<^m«^ v> Sx*^ 
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100. " Inclination of the earth's axis. — ^The inclination of 
the earth^s axis to the axis of its orbit never varies, but al- 
ways makes an angle with it of 23^ degrees, as it moves 
round the sun. The axis of the earth is therefore always 
parallel with itself: that is, if a line be drawn through 
the centre of the earth, in the direction of its axis, and ex- 
tended north and south, beyond the earth's diameter, the 
line so produced will always be parallel to the same Une, or 
any number of lines, so drawn, when the earth is in different 
parts of its orbit. 

101. *' Suppose a rod to be fixed into the flat surface of a 
table, and so mdined as to make an angle with a perpendi- 
cular from the table of 23^ degrees. Let this rod represent 
the axis of the earth, and the sur£M;e of the table, the ecliptic. 
Now place on the table a lamp, and round the lamp hold a 
wire circle three or four feet in diameter, so that it shall be 
parallel with the plane of the table, and as high above it as 
the flame of the lamp. Having prepared a small terrestrial 
globe, by passing a wire through it for an axis, and letting it 
project a few indies each way, for the poles, take hold of the 
north pole, and carry it round the circle, with the poles con- 
stantly parallel to the rod rising above the table. The rod 
being inclined 23^ degrees from a perpendicular, the poles 
and axis will be inclined in the same de^e, and thus the 
axis of the earth will be inclined to that of the ecliptic every 
where in the same desree, and lines drawn in the direction 
of the earth's axis wiU be parallel to each other in any part 
of its orbit. 




Pig. 17. 



100. Wbut U mmat by tht eaitVt a«i \»va% ^t«K\!^ V^ Ssai^'^ 
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102. " This will be understood by Fig. 17, where it wall 
be seen, that the poles of the earthy in t£e several positiojM 
of A, B, c, and d, being equally inclined, are paralkat to eskoh 
other. Supposing the lamp to represent the sun, and the 
wire circle the earth's orbit, the actual ponydon oiike eartb^, 
daring its annual revolution round the sun, mlt be compre- 
hend^ ; and if the globe be turned on its^ ajds, whiW passing 
round the lamp, the diurnal or daily revolotioii: of the otusih 
wiU also be represented. 

DAY Aja> ixmsTi 

108. '^ Were the direction of the earth's am perpendicoiar 
to the plane of its orbit, the days and mghbs would be of 
equal length all the year, for then just one half of the earth, 
£pom pole to pole, would be enlightened, and at the same, 
time the other half would be in darkness. Suppose the line^ 
s o. Fig. 18, from the sun to the eartii, to be the plane of 
the earth's orbit, and that N s is the axis- of the earth perpen^ 
Ocular to it, then it is obvious, that exactly the same points: 
on the earth would constantly pass through the altevnate 
vicissitudes of day and night ; for all who live on the mm&a 
line between n and s, which line crosses the equator ali.o, 
would see the sun at the same time, and consequently, as- the 





Kg. 18. 



earth revolves, would pass into the dark hemisphere at the 
same time. Hence in all parts of the globe^ the days and 
nights woul^ be of equal length, at any given place. 

104. *•*' Nqw it is the inclination of the earth's adds, as above 
described, which causes the lengths of the days and nights to 
■ ' ■ » 'I . 

102. How does it appear by: Fiff. 17 that tbe axis of the earth is par- 
sllel to itself in all parts of its owit? How are the annual and diurnal 
revolutions of the earth illustrated by Fig. 17. — 103. Explain, by Fig. 1 8, 
why the days and nights would every where be equal, were the axis of 
the earth perpendicular to the plane of its orbit? — 104. What is the 

cMue of the unequal lengths of tho daya^aad. nij^htft^iiLdifiABent parte. o£ 

*6» worlds 
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dafkiF at the same place at difierent seasons of the year ; for, on 
reTiewing the position of the jrlobe at A, Fig. 17, it will be 
obsenred, that the Hne formed by the enlightened and dark 
hemis^eres, does not coincide with the line of the axis asd 
poles, as in Fig. 18, but that the line formed by the f^ rlmfiffff 
and the light extends obliquely across the line of the earth's 
axis, so that liie north pole is in the light, while the south is 
in the dark. In the position A, therefore, an observer at the 
north pole would see the sun constantly, while another at the 
south pole would not see it at alL Hence those living in the 
north temperate zone, at the season of the year when the 
earth is at a, or in the summer, would have long days and 
short nights, in proportion as they approached the polar cir- 
cle ; whue those who live in the south temperate zone, at the ' 
same time, and when it would be winter there, would have 
long nights and short days in the same proportion. 

SEASONS OP THE TBAJES. ' 

105. ^ The vicissitudes of the seasons are caused by the 
annual revolution of the earth around the sun, together with 
the inclination of its axis to the plane of its orbit. It has 
already been explained, that the ecliptic is the plane of the 
earth's orbit, and is supposed to be placed on a level with the 
earth's horizon, and hence, that this plane is considered the 
standard, by which the inclination of the lines crossing the 
earth, and the obliquity of the orbits of the other placets, are 
to be estimated. 

106. " The equinoctial line, or ^ £^^ 

the great circle passing round y^ /^"^^v 

the middle of the eart^ is in- jr . I y. 

clined to the ecliptic, as well aa / / \ 

the line of the earth's axis, and EL,>j_^^ J —-A 

hence in passing round thAA [ "^•' / V^ 

sun, the equinoctial line inter- I I ' ^^ J 

sects, or crosses the ecliptic, in y 7 y ^ 

two places, opposite to each otiier. \ / / 

Suppose A B, Fig. 19, to be Uie \^^ / y 

echptic, B F, the equator, and c d, ^> ^ ^ ,^^ 

the. earth's axis. The ecliptia ^ 

and equator are supposed to be ^* 19« 

105, What are the causes which pToduce ^% ^ftaaowk^^^^y**-^ 
206. la what position is the equator V\t^ T«sp«cX \« ^^ «fics\f^^^ 



44 SEASONS OF THE YEAB. 

seen edgewise, so as to appear likelines instead of drcles. Now 
it will be understood from the figure that the inclination of the 
equator to the ecliptic, (or the sun's apparent annual path 
through the heavens,) will cause these lines, namely, the line 
of the equator and the line of the ecliptic, to cut, or cross 
each other, as the sun makes his apparent annual revolution, 
and that this intersection will happen twice in the year, when 
the earth is in the two opposite points of her orbit. 

107. ^^ These periods are on the 21st of March, and the 
21st of September, in each year, and the points at which the 
sim is seen at these times, are called the equinoctial points. 
That which happens in September is called the autumnal 
equinox, and that which happens in March, the vernal equi- 
nox. At these seasons, the sun rises at 6 o'clock and sets at 
6 o'clock, and the days and nights are equal in length in 
every part of the globe. 

108. " The solstices are the points where the ecliptic and 
the equator are at the greatest distance from each other. The 
«arth, in its yearly revolution, passes tlirough each of these 



^<P^^>^^^i^ 




Fig * 20. 



107. At vrhat times in the year does the line of the ecliptic and that 
of the equinox intersect each other ? What are these points of in- 
tersection called? Which is the autumnal and "which the venial 
equinox ? At what time does the sun rise and set when he is in the 
eauinoxes ? — 108. When the sun enters the summer solstice, what is said 
0f the length of the days and nights? When does the sun enter the 
winter solstice, and wnat is the propoitiou "bet^weca^^ \«u^qI >3aa 
^dajv and Bights? 
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points. One is called the summer, and the other the winter 
solstice. The sun is said to enter the summer solstice on 
the 21st of June ; and at this time, in our hemisphere, the 
days are longest, and the nights shortest. On the 21st of 
December, he enters his winter solstice, when the length of 
the days and nights are reversed from what they were in 
June before, the days being shortest, and the nights longest. 

109. *' Having learned these explanations, the student 
will be able to understand in what oraer the seasons succeed 
each other, and the reason why such changes are the effect 
of the eartVs revolution. 

110. " Suppose the earth. Fig. 20, to be in her summer 
solstice, which takes place on the 21st of June. At this pe- 
riod she will be at A, havii^ her north pole, N, so inclined 
towards the sun, that the whole arctic circle will be illumi* 
nated, and consequently the sun^s rays will extend 23? de- 
grees, the breadth of the polar circles, beyond the north 
pole. The diurnal revolution, therefore, when the earth is 
at A, causes no succession of day and nicht at the pole, since 
the whole fri^d zone is within the reaoi of his rays. The 
people who hve within the arctic circle will, consequently^ 
at uiis time, enjoy perpetual day. During this period, just 
the same proportion of the earth that is enlightened in the 
northern henusphere, will be in total darkness in the oppo- 
site region of the southern hemisphere ; so that while the 
people of the north enjoy perpetmu day, those of the south 
are enveloped in perpetual ni^t. Those who live near the 
arctic circle in the north temperate zone, will, during the 
summer, come, for a few hours, within the regions of night, 
by the eartVs diurnal revolution ; and the greater the dis- 
tance from the circle, the longer will be their nights, and the 
shorter their dajrs. Hence, at this season, the days will be 
longer than the nights everywhere between the equator and 
the arctic circle. At the equator, the days and nights will 
be e^ual, and between the equator and the south polar circle, 
the mghts will be longer than the days, in the same propor- 

110. At what seaion of the year is the whole arctic circle illmxiinated ? 
At what season is the whole antarctic circle in the dark ? W hile the people 
near the north pole enjoy perpetual day, what is the situation of 
those near the south pole? At what season -will the days he lonnir 
than the nights everywhere hetween th* ««raAi(Ait wA ^^ «x^^<^ ^2ctOvR> 
At whBt season will the nights be \oii\gKt \Wtl>(X» ^«^^\»^^^ 'w3^^is«CTv 
hmniMpbere? 
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lion as the da^s are longer than the ni^ts, from the ecpiator 
to the arctic circle. 

111. ^' As the earth moves romid the sun, the line fdiick 
divides the darkness and the light gradually approadiies iha 
poles, till having performed one quarter of her ^^early jour- 
ney from the pomt a, she comes to b, about the 21st orSep- 
tembear. At tlus time, the boundary of light and daiknesi 
passes through the poles, dividing the earth e«pally from 
east to west ; and 'dius in every p^ of the worA, the days 
and nights are <of equal length, the sun being 12 hours alter- 
nately above and below the horizon. In this poation of the 
earth, the sun is said to be in the atUumnal equinox, 

112. '^ In the progress of the earth from b to s, the light 
of the sun gradually reaches a little more of the antarctie 
cirde. The days, therefore, in the northern houiaphere, 
ffcow shorter at, every diurnal revolution, until the 2l8t of 
December, when the whole arctic circle is involved in total 
darkness. Aad now, the same places which enjoyed constant 
da^ in the June be£>re, are involved in perpetual night. At 
this time, the sun, to those who live in the northern hemis- 
phere, is said to be in his mnter solstice ; and then the winter 
Bights are jnet as loi^ as were the summer days, and the 
mater days as long as the summer nights. 

118. ^* When ihe earth has completed another quarter of 
her annual joum^, and has come to the point of her oib^ 
apposite to where she was on the 2l8t of September, whidi 
h^pens on the 21st o£ March, the line dividmg the lidbt 
fixnn the darkness again passes through both poles. In wk 
position of the earth with respect to the sun, the days and 
ni^ts are again eqaal all over the world, and the sun is said 
to be in his vernal equinox, 

114. ^^From the vernal equinox, as the earth advanoei, 
the northern hemisphere enjoys more and more light, while 
the southern &Ils into the region of darkness, in proportion, 
so that the days north of the equator increase in Wgth, un- 
til the 21st of June, at which tune the sun is again longest 
above the horizon, and the shortest time below it. 



111. When will tiie days and nights be equal in all parts of the earth? 
— JJ2. At what season of the year is the whole arctic circle involved i& 
dKrknegaP—llS. When are the dayi and iugkiU«<{;ittl«kllo'««c^'^'Ht«t\d.t 
WMen is the sun in the venial equmox r 
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115. " HSms tke^^tpftren^ moKaon of tbe sun from east to 
wB9tf ia caused by liie real motioii of the earth from west to 
east, if tiM earih is in any p<Mnt of its orbit, tiie sun ivift 
always seeis in tbe opposite point in the faeaTens. When l3ie 
eardi inoves one <^gree %o tbe imat, the ewa. seems to DOKxre 
the tnmr ^astanoe to tise east ; and when t^ eaaith kas oom« 
pleted one revolution in its orbit, the sun appears to have 
^Dom^eted % rerokition llvrough the faeaTons. Hence it 
follows, that the ecliptic, or the apparent path of 1^ sm 
ihrough the heavens, is the real path of the earth romid the 



116. *' It irU be observed by a careful pmisal of the above 
«x^uiation o£ the seasons, and a dose Bisection of the 
fi^Bie by which it is illustrated, that the sun constantljr 
abmes on a portion of the eaxth equal to ^ degrees norths 
and 90 degrees sooAh, £rom his place in the heavens, and, 
consequendy, that he always enlightens 180 degrees, or one 
half the earth. If, tta!«foiw, the axis of the earth were per- 
pendionlar to ti»e plane of its orbit, the days and nights would 
everywhere be eqval, for as the earth ped^rms its diurnal 
revolutions, there would be 12 hours ^dkiy, and 12 hours 
night. But since the kielmadati of its axis is 28^ degrees, 
the light of the sun is thrown 25j^ degrees beyond the north 
fx^; that is, it enlightens the earth 2Si degrees father in 
that direction, when the north pole is turned towards the 
«ttn, than it woi^ had the earth's a:ds no indination. Now, 
•s the sun's light reaches oidy ninety degrees north or south 
<ii his place in the heavens, so when the arctic drde is en* 
Hl^tened, the antaivtic circle must be in the dark ; for if the 
' Uffht reaches 2^^ d^rees beyond the ncxrth pole, it must 
iSIl 23^ degrees short of the south pole. 

^ 117. " As the eardi travels round the sun, in his yearly 
iOireuit, this inclination of the poles is alternately towards and 
.from him. During oar winter, the north polar region is 
thrown beyond the rays of the sun, while a corresponding 

115. Whst if tlM«UM of the tpptrent motion of the son fiom east to 
west? Whftt is the f^ppaMnt pain of the sun, but the real path of tho 
earth? — 116. Had the earth^s axis no inclination, -why would die days 
and nights always be equal ? How many decrees does the 8un*s light reach 
north and south of hint, on the earth ? — 117. During our winter, is the 
north pole turned to or from the sun ? At til&e ^Xo^ Wshi Tfiasc<^ ^tae^^ 
«Bd niffhts are there in the yea«? VTVmki \\, 'a-vwiww Va.^^ 'wstfftai"^- 
hanispben, what is ths leason in thft wraAldtfnk^unDMG^^MScft'^ 
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portion around the south pole enjoys the sun^s light. And 
thus, at the poles, there are alternately six months of dark* 
ness and winter, and six months of sunshine and summer. 
While we, in the northern hemisphere, are chilled by the 
cold blasts of winter, liie inhabitants of the southern hemi- 
sphere are enjoying all the delights of summer ; and while we 
are scorched by the rays of a vertical sun in June and July, 
our southern neighbours are shivering with the rigours of 
mid-winter. 

118. ^^ At the equator, no such changes take place. The 
rays of the sun, as the earth passes round him, are vertical 
twice a year at every place between the tropics. Hence, at 
the equator, there are two summers and no winter, and as 
the sun there constantly shines on the same half of the earth 
in succession, the days and nights are always equal, there 
being 12 hours of light, and 12 of darkness. 

119. "Motion op the Eabth. — ^The motion of the earlih 
round the sun, is at the rate of 68,000 miles in an hour, 
while its motion on its own axis, at the equator, is at the rate 
of about 1042 miles in the hour. The equator, being that 
part of the earth most distant from its axis, the motion there 
IS more rapid than towards the poles, in proportion to its 
greater distance from the axis of motion. 

1 20. " The method of ascertaining the velocity of the earth's 
motion, both in its orbit and round its axis, is simple, and 
easily understood; for bjr knowing the diameter of the earth's 
orbit, its circumference is readily found, and as we know how 
long it takes the earth to perform her yearly cbcuit, we have 
only to calculate what part of her journey she goes through 
in an hour. By the same principle, the hourly rotation of 
the earth is as readily ascertained. 

121 . " We are insensible to these motions, because not only 
the earth, but the atmosphere, and all terrestrial things, par^ 
take of the same motion, and there is no change in the rela^ 
tion of objects in consequence of it. If we look out at the 
window of a steam-boat, when it is in motion, the boat wiU 
seem to stand still, while the trees and rocks on the shore 
appear to pass rapidly by us. This deception arises from our 
not having any object with which to compare this motion, 

118. What are the seasons at the equator? — 119. At "what rate does ' 
the earth move around the sun? How fiBtatdoes it move around its 
axis at the equator? — 120. How la the velocity ol^« «ax^«a^T^A^«^'^ 
/^/« WJjjr juv we uusennhle of the eaxth'a m^ot^Qu? 
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when shut up in the boat; for then every object around us 
keeps the same relative position. And so, in respect to the 
motion of the earth, having nothing with which to compare 
its movement, except the heavenly bodies, when the earth 
moves in one direction, these objects appear to move in the 
contrary direction. 

CAUSES OF THE HEAT AND COLD OF THE SEASONS. 

122. ** We have seen that the ^arth revolves round the sun 
in an elliptical orbit, of which the sun is one of the foci, and 
consequentlv, that the earth is nearer to him in one part of 
her orbit than in another. From the great difierence we 
experience between the heat of summer and that of winter, 
we should be led to suppose that the earth must be much 
nearer the sun in the hot season than in the cold. But when 
we come to inquire into this subject, and to ascertain the 
distance of the sun at different seasons of the year, we find 
that the great source of heat and light is nearest us during 
the cold of winter, and at the greatest distance during the 
heat of summer. 

123. ** It is a well known principle in optical science, that 
the angle of vision depends on the distance at which a body 
of given dimensions is seen. Now, on measuring the angu- 
lar dimension of the sun, with accurate instruments, at dif- 
ferent seasons of the year, it has been found that his dimen- 
sions increase and diminish, and that these variations corres- 
pond exactly with the supposition, that the earth moves in 
an elliptical orbit. If, for mstance, his apparent diameter be 
taken in March, and then again in July, it will be found to 
have diminished, which diminution is only to be accounted 
for, by supposing that he is at a greater distance from the 
observer m Julv than in March. From July, his angular 
diameter gradually increases, till January, when it again di- 
minishes, and continues to diminish, until July. By many 
observations, it is found, that the greatest apparent diameter 
of the sun, and therefore his least distance iacom us, is in 
January, and his least diameter, and therefore his greatest 

123. At whttt season of the year is the snn at the greatest, and at what 
season the least distance from the earth? How is it ascertained that 
the earth moves in an elliptical orbit, by the «;f2^i«iXiaBkCA cil ^(^a vosil'^ 
'When does the son iqppear under the KNSitoiX v^^axnofiu ^KNaucoA^Kt-v'^^)^ 
wban onJer the least? How nrndi faa&«c Va ^iN» wai ^^'"^^^.^S:^ 
tbMaittJtauaij? What efifeekdo«ttJui^aa«w«»*V»^»*^^*^'**''^^ 



bO QAXTSES OF THB HBAT AND COLD OF TEX 8SAflO(Br& 

distance, is in July. The «otiml difievenoe is abottt tiizM 
iBiUions of miles, liie -son being that distance fkrther fix)m thft 
^arth in July than in January. This, howev<e(r, is only about 
one sixtieth of his mean distanoe from us, «nd the dioerenod 
we should experienoe in his heat, in consequenoe of this dk*- 
ference of distance, will therefore be very small. Peihaps 
the effect of *his proximity to the earth may diminish, in some 
small degree, tiie sevexity of winter. 

124. *^ The heat of summer, and the cold of winter, must 
thereifoie arise from the difierence in the meridian altitude of 
die sun, and in the time of his continuance abore the hori- 
zon. Jn summer, the solar rays fall on the earth in nearly 
a perpendusuLar direction, and his powerful heat is then con- 
stantly aoctuBulated by the long days and ^ort nights of the 
season. In winter, on the contrary, the solar rays fall so nib- 
Uqudy on the earth, as to produce little warmth, and the 
«mall effect they do produce during the short days of that 
season, is almost entimy destroyed by the long nights. which 
succeed. The dif^enoe between the effects oS peipendica- 
lar and oblique rays, seems to depend, in a great measure, on 
the different e^ttent of sur&oe over which they are i^iead. 
When tiie rays of the sun are made to pass tlurough a com- 
Tex 1^18, the heat is increased, because the number of nys 
which naturally covered a large sur&.oe, are then made to 
coyer a smaller one, so that the power of the glass depends 
on the number of rays thus brought to a focus. If, on tiie 
contrary, the rays of the sun are suffered to pass through a 
concave lens, then: natural heating power is diminished, be- 
cause they are dispersed, or spread over a wider sur&ce than 
before. 

! 125. ^' Now, to apply these different effects to t^ stzmmer 
and winter rays of tne sun, let us suppose that the rays &Iling 
perpendicularly on a given extent of sur&ce, impart to it a 
certain degree of heat; then it is obvioos, that if the same 
number ojf rays be spread over twice that extent of sur&oe, 
their headn^ power would be diminished in proportion, and 
that only huf flie heat would be imparted. This is the effect 
produced by the sun*s rays in the winter. They &11 so 

124. How Are the heat of Bnmmer and the eold of winter aceonnted 

for ? Why do the perpendicular rays of summer produce greater effeots 

than tbe oWqae im o£ winter? How is this illustrated by the conTez 

Mad eoDcare lenses ? — 125. How is thfi adosbl ds5.«t«&fiA q^ ^ ^wuneK 

sad winter nys ahoym ? 
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obliqueljr on the evih, as to occai);^ nearly doable the space 
thu tbe sMne number of nya do in dte summer. Thu i: 



iUwmted by ^. El, wbere 
tlie axniber of njs, boA ia 
viotaruidBiinimer, are mp- 
^Med to be tbs Bome. Bnt, 
d will be observed, that the 
yiuter rays, owing to Ihar 
obliqne direction, are spread 
over nearly twice as mach 
snr&ce as tiiooe of siinuner. 
126. It msy, howeT«r, be 
remarked, that the hottest 
season is not nsually at the 
exact time of the year when 
', rertical, 




Fig. 21. 



and the d^ the loogeat, as is the case towards the end 
of Juae, but eome time afterwards, as in July and 
August. To account Sx this, it must be remembered, that 
when tbe son is nearly vertical, the eirdi accumulates more 
heat by da^ than it gives out at nie^t, and that this accumu- 
lation coutmuea to increase after the days begin to shorten, 
and, consequently, the greatest elevalioit of temperature is 
some time alter uie lon^C days. For tbe same reason, the 
thermometer generally indicates the greatest degree of heat 
at two or three o'clock on each &j, and not at twelve 
o'clock, when the sun's rays are moat powertiil. 
Fiomz ov "TBt: babis. 
127. AstnHiomers hare proved tbat all the planets, together 
with th^ satellites, hare the shape of llie sphere, or globe, 
and hence, by analoey, there was every reason to suppose, 
that ^e earth would be found of the same shape ; and seve- 
ral phenomena tend to prove, beyond all doubt, that this ia 
its form. The figure of the earth is not, however, exactly 
that of a globe, or ball, because its diameter b about 34 miles 
less from pole to pole, than it is at the equator. But that 
its geoeral figure is that of a sjAere, or ball, is proved by 
many circumstances. 

uon of thfl jtAT at lAa psriod wfam tin 

It -ndaaii ?— 127. Wt»t «•*« ipiMsri. 

|B*at ttmaim? now iiinA L«n u ft« toKBrtwt A '&« «I^ ■* 
» P*Ih Au at the •qoMot P 
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128. '^ When a person is at sea, or stan^g on the seashorei 
the first part of a ship seen at a distance, is its mast. As the 
vessel advances, the mast rises higher and^ higher above 1^ 
horizon, and finally the hull, and whole ship, become visible. 
Now, were the earth^s sorfiuse an exact plane, no such ap- 
pearance would take place, for we should then see the hoO 
long before the mast or rigging, because it is much the largest 
object. It will be plain by Fig. 22, that were the ship, a, 







Fig. 22. 

elevated so that the hull should be on a horizontal line with 
the eye, the whole ship would be visible, instead of the top- 
mast, there being no reason, except the convexity of the 
earth, why the whole ship should not be visible at A, as well 
as at B. We know, for the same reason, that in passing over 
a hill, the tops of the trees are seen, before we can discover 
the ground on which they stand; and that when a tni^n i^ 

E roaches from the opposite side of a hill, his head is seen 
efore his feet." 

129. ^' If we sail out of sight of land, whether we stand on 
the deck of the ship, or dimb the mast, we see the sur&ce of 
the sea — ^not losing itself in distance and mist, but terminated 
by a sharp, dear, well-defined line, or offing^ as it is called, 
which runs all round us in a cirde, having our station for its 
centre. That this line is really a cirde, we condude, first, 
firom the perfect apparent similarity of all its parts ; and, 
secondly, m)m.the &ct of all its parts appearing at the same 
distance firom us, and that, evidently, a moderate one ; and, 
thirdly, firom this, that its apparent diameter, measured with 
an instrument called the dip sector, is the same (except under 
some singular atmospheric circumstances, which produce a 
temporary distortion of its outline,) in whatever direction the 

128. How is die convexity of the earth proved by the approadi of a 
ship at sea ? Explain Fig. 22. What other proofs of the elobular sh^« 
a/tieeaziburementionwi? — 129. "Whatigiool'^a dAtv^^ou^na^'^^^Sca^ 
iflfsenvd Mt sea? 



FIQUBE OF THE EARTH. 53 

measure is taken — ^properties which belong only to the circle 
among geometrical figures. If we ascend a high eminence 
on a pla^n (for instance, one of the Egyptian pyramids), the 
same nolds good. 

130. '^ Masts of ships, however, and the edifices erected by 
man, are trifling eminences compared to what nature itself 
affords : Etna, Tenerifie, Mowna Boa, are eminences firom 
which no contemptible aliquot part of the whole earth^s sur- 
fiice can be seen ; but ficom these agfun — ^in those few and 
rare occasions when the transparency of the air will permit 
the real boundary of the horizon, the true sea-line, to be seen 
— ^the very same appearances are witnessed, but with this 
remarkable addition, viz., that the angular diameter of the 

. visible area, as measured b^ the dip sector, is materially less 
than at a lower level ; or, in other words, that the apparent 
size of the earth has sensibly diminished as we have receded 
from its surface, while yet the absolute quantity of it seen at 
once has been increased. The same appearances are observed 
universally, in every part of the earth's surfiice visited by 
man. Now, the figure of a body, which, however seen, 
always appears circular^ can be no other than a sphere or 
globe." — HerscheVs Astronomy, 

131. ^*It is a well known fact also, that navigators have 
set out fix)m a particular port, and by sailing continually 
westward, have passed around the earth, and again reached 
the port from wnich they sailed. This could never happen, 
were the earth an extended plane, since then the longer the 
navigator sailed in one direction, the further he would be 
from home. 

132. ** Another proof of the spheroidal form of the earth, 
is the figure of its shadow on the moon, during eclipses, 
which shadow is always bounded by a drcular line. 

133. ** These circumstances prove, beyond all doubt, that 
the form of the earth is globular, but that it is not an exact 
sphere ; and that it is depressed or flattened at the poles, is 
shown by the difierence in the lengths of pendulums vibrating 
seconds at the poles, and at the equator. 

134. It is necessary to state that the vibrations of the 
pendulum depend on the attraction of gravitation, and that 

130. What additional appearance is presented from lofb^ «Gok> 
nences on the earth*s suifetce ? — 131 — \^. yAiaX. W(\i«t ^v^\%vca*^«^'<' 
0f the globular form of the earth? — ^\^. liov \%\\.i^<QiHrDLV5^^"^^^»r 
HooM of tb» peodulmn that the eaxth la fLiJtX^iA^ «!(. ^<b y\«v( 
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as the centre of the earth is the centre of this attraction, at> 
the nearer this instrument is carried to that point, the stronger 
will be the attraction, and consequently the more frequent 
its vibrations. From a great number of experiments, it 
has been found that a penduliun, which vibrates seconds at 
the equator, has its number of vibrations increased wttea it 
is carried towards the poles ; and as its number of vibrations^^ 
depends upon its len^, a dock which keeps accurate tnie 
at the equator, must nave its pendulmn lengthened at tilie 
poles. And so, on the contrary, a clock going correcthr at, 
or near the poles, must have itspendulum shortened', to keep 
exact time at the equator. Hence the force of gravity is 
greatest at the poles, and least at the equator. 
135. *^ The manner in which the figure of the earth &iSen 




ere, is repre- 
where ir is 



from that of a s 
sented by Fig. 

the north j^ole, and 8 the sooth 
pole, the Ime from one of these 
points to the other being the 
axis of the eardi, and the hne 
crossing this, the equator. It 
will be seen by this figure^ tha^ 
the sur&ce of the ear3^ at tiie 
poles, is nearer its centre tibaa 
the surj&ce at the equator; Tfte 
actual difference between the* 
polar and equatorial diametos 
is in the proportion of 300 to 301. The earth is thereforer 
called an oblate spheroid^ the word oblate signifying the re- 
verse of oblong, or shorter in one direction than in anotito. 

136. ^^ The compression of the earth at the poles, and thfr 
consequent accumulation of matter at the equator, is proba- 
bly the effect of its diurnal revolution, whil'e it was in* a soft 
or plastic state. J£ a ball of soft day, or putty, be made tv 
revolve rapidly, by means of a stick passed through its oenr 
tre, as an axis, it will swell out in the middle^ or equator^ 
and be depressed at the poles, assuming the precise fignrft 
of the earth. This figure is the natural and obvious conse- 

135. In what proportion is the polar less than, the eqioatorial ciiametBT? 
What is the earth ^led in reference to this figure? — 136. How b it 
supposed that it came to have this form ? How i& the form of the entit 
illustrated by experiment ? Explain the leaaaa wYi^ «i ^\bs^« >aiiXl -^rSL 
swell At the equator, when made to rcvol've. 
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quence of the centrifugal forces which operates to throw the 
matter off in proportion to its distance nx)m the axis of mo- 
tion, and the rapidity irith which the ball is made to revolve. 
The parts about tibe equator would therefore tend to % ofi^ 
and leave the oth^r parts, in consequence of tbe ea^rudgal 
force, while those about the poles, b^ng neacer the centre of 
motion, would receive a much smaU^ impulse^ ConsequentlY 
the ball would swell, or bulge out at thet equator, which 
would produce a corresponding depresnon at the poles. 

137. *^ The weight of a body at the poles i» found to be- 
greater than at the equator, not only because the poles are 
nearer the centre <^uie earth than the equator, but because 
the centrifiigal force there tends to lessen its gravity. The. 
wheels of machines whieh revolve with the gr^itest rt^ndity 
are made in the strongest manner, otherwise they will % ist 
i»eces, the centrifiigal force not only overcoming tiie gravity, 
but the cohesion of their parts. 

138. ^'^ It has been found by calcidationY that if the eartb 
turned over once in 84 minutes and 43 seconds, the centri- 
fugal force at the equa^^or would be e(|ual to tiie power of 
gravity there, and tluit bodies would eoturely lose their wdsht. 
If the earth revolved more rapidlv than this, all the build- 
ings, rocks, mountains, and men, at the equator, would not only 
lose their weight, but would fly from the earth, as mud does 
from a carriage- wheel in rapid motion* 

SOLAR AJBTD SSDSREAL HMS* 

139. '^ The stars appear to ^o round the earth in 28 hours, 
56 minutes, and 4 seconds, whde the sun appears to perform 
the same revolution in 24 hours, so* that the stars gain 3 
minutes and 56 seconds upon the sun every day. In a year, 
this amoimts to- a day, or to the time taken by the earth to 
perform one diurnal revoluticm. It therefore happens^ that 
when time is measured by &e stars, tiiere are 366 days in 
the year, or 366 diurnal revolutions of the earth ; whUe, if 
measured by tike sun from one mmdian to anoth^, there 

137. What two causes render the weights of bodin less st the equap 
tor than at the poles? — 138. What would be the^ oonseqaenee on the 
weii^ts of bodies at the eanator, did t^e eacth torn over onoe in 84 
minotet and 43 seconds? — 1^. The stars appear to move roond thai 
earth in less time than the sun; what do«& thfi ^StftKraaici^ VDCissQEDfeNA\^ 
year? What is the year, meaauied \>^ ai ifc«» «S«A-'^ ^'WVa*. >* "^a*^ 
meuund by the sun okUed P' 
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are only 365 whole days in the year. The former are called 
the sidereal, and the latter solar days. 

140. ^^ To account for this difference, we must remember 
that the earth, while she performs her daily revolutions, is 
constantly advancing in her orbit, and that, therefore, at 12 
o^clock to-day she is not precisely at the same place in re- 
spect to the sun that she was at 12 o^dock yesterday, or will 
be to-morrow. But the fixed stars are at such an amam'ng 
distance from us, that the earth^s orbit, in respect to them, is 
but a point ; and, therefore, as the earth^s diurnal motion is 
perfectly uniform, she revolves from any given star to the 
same star again, in exactly the same period of absolute time, 
llie orbit of the earth, were it a solid mass, instead of an 
imaginary circle, would have no appreciable length or breadth, 
when seen from a fixed star, and therefore, whether the earth 
performed her diurnal revolutions at a particular station, or 
while passing round in her orbit, would make no appreciable 
difference with respect to the star. Hence the same star, at 
every complete daily revolution of the earth, appears precisely 
in the same direction at all seasons of the year. The moon, 
for instance, would appear at exactly the same point, to a 
person who walks round a circle of a hundred yards in dia- 
meter, and for the same reason a star appears in the same 
direction from all parts of the earth^s orbit, though 190 
millions of miles in diameter. 

141. " If the earth had only a diurnal motion, her revolu- 
tion, in respect to the sun, would coincide exactly with the 
same revolution in respect to the stars; but while she is 
making one revolution on her axis towards the east, she ad- 
vances in the same direction about one degree in her orbit, so 
that to bring the same meridian towards the sun, she must 
make a little more than one entire revolution. To make tins 
plam, suppose the sun, s. Fig. 24, to be exactly on a meri- 
dian line marked at E, on the earth A, on a given day. On 
the next day, the earth, instead of being at A, as on the day 
before, advances in its orbit to b, and in the meantime having 
completed her revolution, in respect to a star, the same 

140. How 18 the difference in time between the solar and sidereal year 
accounted for ? The earth*s orbit is but a point, in reference to a star ; 
kow is this illustrated ? — 141. Had the earth only a diurnal revolution, 
would the sidereal and solar time agree? Snow by Fig. 24 how 

judereal differs from solar time. Vfhy doeft no^ I^ia etu!ODL\?!au.^SQSb vnoa 

meridian to &e sun at the same time eTery day ? 
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meridian line is not brought under the sun, as on the day 
before, but falls short of it, as at e, so that the earth has to 




Fig. 24. 

perforin more than a revolution, by the distance from e to o, 
in order to bring the same meridian again under the sun. So 
on the next day, when the earth is at c, she must again com- 
[>lete more than two revolutions, since leaving A, by the 
space from e to o, before it will again be noon at £. 

142. "Thus it is obvious, that the earth must complete 
one revolution, and a portion of a second revolution, equal 
to the space she has advanced in her orbit, in order to bi*ing 
the same meridian back again to the sun. This small por- 
tion of a second revolution amounts daily to the S65th part 
of her circumference, and therefore, at the end of the year, 
to one entire rotation, and hence, in 865 days, the earth 
actually turns on her axis 366 times. Thus, as one com- 
plete rotation forms a sidereal day, there must, in the year, be 
one sidereal more than there are solar days, one rotation of 
the earth, with respect to the sun, being lost, by the earth^^t 
yearly revolution. The same loss of a day happens to h 
traveller, who, in passing round the earth towards the west, 
reckons his time by the rising and setting of the sun. If htj 
pass round towards the east, he will gain a day for the samtK 
reason. 

EQUATION OF TIME. 

143. " As the motion of the earth about its axis is perfectly 

142. How many times does the earth turn on her axis in a year? 
VVhy does she turn more times than there are days in the year? — 143. 
Why are the solar days sometimes greater, and sometimes less, than^ 
hours ? What is the difference hetween. th« tvnv^ q1 «k%>\\!L <i^v;^ «s^ t». 
clock caJied ? "WJiat are the causes q\ \iie ^^S«t«v)L^^ \«X.^^«»^ '^^ ''^^^^ 
aad clock? 

P 
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unifonn, the sidereal days, as we have already seen, are 
exactly of the same length, in all parts of the year. But a»- 
the orbit of the earth, or the apparent path of the sun, is 
inclined to the earth's axis, and as the earth moves with dif- 
ferent velocities in different parts of its orbit, the solar, or 
natural days, are sometimes greater and sometimes less than 
24 hours, as shown by an accurate dock. The consequence 
is, that a true sun dial, or noon mark, and a true time piece, 
agree with each other only a few times in a year. The 
difference between the sun dial and dock, thus shown, is 
called the equation of time. The difference between the sun 
and a well regulated clock, thus arises from two causes, the 
inclination of the earth's axis to the ecliptic, and the elliptical 
form of the earth's orbit. 

144. *^ That the earth moves in an ellipse, and that its mo- 
tion is more rapid sometimes than at others, as well as that 
the earth's axis is inclined to the ecliptic, have already been 
explained and illustrated. It remains, therefore, to show 
how these two combined causes, the elliptical form of the 
orbit, and the inclination of the axis, produce the disagree- 
ment between the sun and clock. In this explanation, we 
must consider the sun as moving around the ediptic, while 
the earth revolves on her axis. 

145. " Equal, or mean time is that which is reckoned by 
a clock, supposed to indicate exactly 24 hours, from 12 
o'dock on one day, to 12 o'clock on the next day. Apparent 
time is that which is measured by the apparent motion of 
the sun in the heavens, as indicated by a meridian line, or 
sun dial. 

146. " Were the earth's orbit a perfect drde, and her axis 
perpendicular to the plane of this orbit, the days would be 
of a uniform length, and there would be no difference be- 
tween the clock and the sun: both would indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the ecliptic, unequal 
portions of the sun's apparent path through the heavens wiU 
pass any meridian in equal times. This may be readily ex- 
plained to the pupil, by means of an artificial globe ; but 
perhaps it will be understood by the following diagram : — 

144. In explaining equation of time, what motion is considered as 
heUongiDg to Uie sun, and what motion to the earth ? — 145. What is 
equal or mean time ? What is apparent tim« ? — 146. Under whsl^ 
suppositiona would the days be of equal leng^ii? 
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be the equator, entendlcg through the earth and the heave 




rig.2s. 

and let A, A, b, C, c, and n, be the ecliptic, or the apparent 
patli of the i«uD through the heavene. Also, let A, 1, 8, 3; 
4, 5, be equal distances oa the equator, and A, a, b, C, c, 
and D, equal portioas of the ecliptic, correBponding -with A 
L, 2, 3, 4, ana 5. Now we will suppose that there are two 
EUDB, namely, ablse, and a real one; tliat Ihe&lae one passea 
through tbe celestial equator, which is only an exteuaran of 
the earth's aquator, to the heavens; while the real sun has an 
apparent revolution through the ediptic ; and tliat Miey both 
start from the point A, at the same uutaot. The false sun it 
suppoud to pass through the celestial equator ia the sanie 
time that Uie real one passes through the ecliptic, but nol 
through the same meridians at the sune time, eo that the 
&1h sun arrives at the poinls 1, 2, 3, 4, and 6, at tite time 
when the real auQ arrives at the points A, D, C, and c. 

U7. In Fig. 25, whicb utbaoalatiU HDalar,udiiliiehthaeoliptie7 
Htningh whigh of tfa*w sinlw doM iJie htia, and thnnigh which dew 
As bus nm pus P Wbu the tmI ran uHvm at A, and the Um ™» 
■> 1, aw they both on tha Mm* maii&ui? m^aijh\k'iw&'ftAW«« 
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148. " When tlie two suns were at A, the starting point, 
thej were both on the same meridian, but when the fictitious 
sun comes to 1, and the real sun to A, they are not in the 
same meridian, but the real sun is westward of the fictitious 
one, the real sun being at A while the false sun is on the 
meridian 1; consequently, as the earth turns on its axis from 
west to east, any particular place will come under the sun's 
real meridian, sooner than under the fictitious sun's meridian ; 
that is, it will be 12 o'clock by the true sun, before it is 12 
o'clock by the false sun, or by a true clock; but were the 
true sun in place of the false one, the sun and dock would 
agree. While the true sun is passing through that quarter 
of his orbit, firom A to C, and the fictitious sun firom 1 to 8, 
it will always be noon by the true sun before it is noon by 
the false sun, and during this period the sun will be faster 
than the clock. 

149. " When the true sun arrives at C, and the false one at 
3, they are both on the same meridian, and the sun and clock 
agree. But while the real sun is passing firom C to B, and 
the false one fi*om 3 to B, any meridian comes later under 
the true sun than it does under the false, and then it is 
noon by the sun after it is noon by the clock, and the sun is 
then said to be slower than the clock. At B, both suns arc 
again on the same meridian, and then again the sun and 
clock agree. 

. 150. " We have thus followed the real sun through one 
half of his true apparent place in the heavens, and the false 
one through half the celestial ecjuator, and have seen that 
the two suns, since leaving the pomt A, have been only twice 
on the same meridian at the same time. It has been supposed 
that the two suns passed through equal arcs in equal times, 
the real sun through the ecliptic, and the false one through 
the equator. The place of the false sun may be consider^ 
as representing the place where the real sun would be, in 
case the earth's axis had no inclination, and consequently it 

148. When the two suns are at 1 and A, why will any meridian 

come first under the real sun ? Were the true sun in place of the 

false one, why would the sun and clock agree ? While the suns are 

passing from A to C, and from 1 to 3, will the sun he faster or slower than 

the clock ?— 149. When the two suns are at C and 3, why will the suu 

and clock agree ? While the real sun is passing from B to C, which is 

^kgter, the clock or mm ? — 150. What doea t\ie '{\aft« oi lbs false son 

t^prvsent in Fig. 2b? 
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agrees with the clock every 24 hours. But the true sun, as 
he passes round in the echptic, comes to the same meridian, 
sometimes sooner; and sometimes later, and in passing around 
the other half of the ecliptic, or in the other half year, the 
same variations succeed each other. 

151. " The two suns are supposed to departfrom the point 
A, on the 20th of March, at which time the sun and dock 
coincide. From thip time, the sun is faster than the clock, 
until the two sims come together at the point C, which is on 
the 21st of Jime, when the sun and clock a^ain a^ee. From 
this period the sun is slower than the dock, until the 23d of 
September, and faster again until the 21st of December, at 
which time they agree as before. 

152. " We have thus seen how the inclination of the earth's 
axis, and the consequent obliquity of the equator to the eclip- 
tic, cause the sun and dock to disagree, and on what days 
they would coincide, provided no other cause interfered with 
theur agreement. But although the inclination of the earth's 
axis would bring the sun and clock together on the above- 
mentioned days, yet this agreement is counteracted by an- 
other cause, which is the eUiptical form of the earth's orbit, 
and though the sun and dock do agree four times in the 
year, it is not on any of the days above mentioned. 

153. ^* It has been shown by Y\f, 15, that the earth moves 
more rapidly in one part of its orbit than in another. When 
it is nearest the sun, which is in the winter, its vdocity is 
greater than when it is most remote from him, as in the 
summer. Were the earth's orbit a perfect circle, the sun 
and clock would coindde on the days above specified, be- 
cause then the only disagreement would arise from the in- 
clination of the earth's axis. But since the earth's distance 
from the sun is constantly changing, her rate of vdodty also 
changes, and she passes uirough unequal portions of her orbit 
in equal times. Hence, on some days, she passes through a 
greater portion of it than on others, and thus this becomes 
another cause of the inequality of the sun's apparent motion. 



151, 152. The inclination of the eartVt axis would make the son 
and clock agree in March, and the other months ahove named ; why 
then do they not actually agree at thoie times?-— 153. Were the 
earth^s orbit a perfect circle, on what days would the sun axid ^«a^s^ 
agree ? — How does the form of the taxt\i^a ot\A\i\x!L\«d»CA^'^^^^^H?"^~ 
ment of the sun and clock on iboM da.';|a? 



C2 PRECESSION or THE EQUINOXES. 

154. " The elliptical form of the earth^s orbit would pre- 
vent the coincidence of the sun and clock at all times, ex« 
cept when the earth is at the ^eatest distance &om the sun, 
which happens on the 1st of July, and when she is at the 
least distance from him, which happens on the 1st of January. 
As the earth moves faster in the winter than in the summer, 
£rom this cause, the san would be faster than the clock from 
the 1st of July to the 1st of January, and then slower than 
the clock from tiie 1st of January to the 1st of July. 

165. " We have now explained, separately, the two causes 
which prevent the coincidence of the sun and clock. By the 
first cause, which is the inclination of the earth^s axis, -they 
would agree four times in the year; and by the second cause, 
the irregularity of the earth's motion, they would coincide 
ddy twice in the year. Kow, these two causes counteract 
ihe effects of each other, so that the sun and clock do not 
coincide on any of the days, when either cause, taken singly, 
would make an agreement between them. The sun and dock, 
therefore, are together, only when the two causes balance 
each other; that is, when one cause so counteracts the otlier, 
as to make a mutual t^reement between them. This effect 
is produced four times in the year ; namely, on the 15th of 
April, 15th of June, 31st of August, and 24th of December. 
On these days, the ^un, and a clock keeping exact time, 
coincide, iffld on no others. The greatest difference between 
the sun and clock, or between the apparent and mean time, 
is 16^ minutes, whicih takes place about the 1st of November. 

PREC5ESSION 0F THE BQTJINOXES. 

156. '^ A tropical year is the time it takes the sun to pass 
■ft^an one equinox, or tropic, to the same tropic, or equinox, 
again. A sidereal year is the time it takes the sun to per- 
form bis apparent annual revolution, from a'^ed star, to 
the^same fixed istar again. 

154. At what times "would the form of the earth's orbit bring the stm 
and clock to agree?—- 155. The inclination of the earth's axis would 
make the sun and clock agree four tiroes in the year, utd tiie foiai of 
4iA earth's orbit would make them agree twice in the year ; now show 
Ihe reason why they do not agree from these causes on the above-men- 
tioned days, and why they do agree on other days ? On what days do 

^e sun and clock agree ? — 156. What is a tropical year ? "What is a si- 

dereaJ j^earP 
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157. "Now it has been found that these two complete 
revolutions are not finished in exactly the same time, but 
that it takes the sun about 20 minutes longer to complete 
his apparent revolution in respect to the star^ than it does 
in respect to the equinox^ and hence the sidereal year is about 
20 nunutes longer than the tropical year. The revolution of 
the earth fi*om equinox to eqiiinox, again, Xh^r^foxQ^ precedes 
its complete revolution in the ecliptic by about 20 minutes, 
for the absolute revolution of the earth is measured by its 
return to the fixed star, and not by the return of the sun to 
the same equinoctial point. This apparent falling back of 
the equinoctial point, so as to make the time when it meets 
the sun precede the time when the earth makes its complete 
revolution in respect to the star, is called the precession of 
the equinoxes. 

158. " The distance which the sun thus gains upon the fixed 
star, or the difiference between the sun and star, when the 
sun has arrived at the equinoctial point, amounts to 50 se- 
conds of a degree, thus making the equinoctial point recede 
50 seconds of a degree, (when measured by the signs of the 
zodiac,) westward, every year, contrary to the sun's annual 
progressive motion in the ecliptic. 

159. " To illustrate this by a figure, suppose s. Fig. 26, 




Fig.2G. 
to be the sun, e the earth, and o a fixed star, all in a 

157. What is the diJTerence in the time which it takes the son to coxn- 
jplete his revolution in respect to a star, and in respect to the eqainox ? 
Explain what is meant hy the precession of the equinoxes. — 158. How 
many seconds of a degree does the equinox recede every year., vrhfttv^S^ 
ian*8 pUce is compared with a star?— 150, B.^^ ^«^Y\^«^*^^sQa^s:^s» 
the precession of the equinoxes ? 
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straight line with respect to each other. Let it be supposed 
that this opposition takes place on the 21st of March, at the 
vernal equmox, and that at that time the earth is exactly 
between the sun and the star. Now when the earth has 
performed a complete revolution around its orbit b, a, as 
measured by the star, she will arrive at precisely the same 
point where she now is. But it is found tnat when the earth 
comes to the same equinoctial point, the next year, she has 
not gone her complete revolution in respect to the star ; the 
equmoctial point having fallen back with respect to the stai*, 
during the year, from e to e', so that the earth, after hav- 
ing completed her revolution, in respect to the equinox, has 
yet to pass the space from e' to e, to complete her revolu- 
tion in respect to the star. 

160. " The space from e to e';, being 50 seconds of a de- 
gree, and the equinoctial point falling this space every year 
short of the place where the sun and this point agreed the 
year before, it is obvious, that on the next revolution of the 
earth, the equinox will not be found at e, but at i, so that 
the earth, having completed hftr second revolution in respect 
to the sun when at i, will still have to pass from i to E, be- 
fore she completes another revolution in respect to the star. 

161. "The precession of the equinoxes, being 60 seconds 
of a degree, every year, contrary to the sun's apparent mo- 
tion, or about 20 minutes, in time, short of the point where 
the sun and equinoxes coincided the year before, it follows, 
that the fixed stars, or those in the sign of the zodiac, move 
forward every year 60 seconds, with respect to the equi- 
noxes. 

162. " In consequence of this precession, in 2160 years, 
those stars which now appear in the beginning of the sign 
Aries, for instance, will then appear in the beginning of 
Taurus, having moved forward one whole sign, or 30 degrees, 
with respect to the equinoxes, or the equinoxes having gone 
backwards 30 degrees, with respect to the stars. In 12,960 

160. Explain Fig. 26, and show from what points the equinoxes 
fall back from year to year. — 161. How many minutes in time is the 
precession of the equinoxes per year ? — 162. What effect does this pre- 
cession produce on the fixed stars ? How many years is a star in going 
forward one degree, in respect to the equinoxes ? In how many years 
•mil the stura tkppeax to haye passed half around the heavens ? In 
wiuU period will the earth appear to have g,oii'd Wk\i«xd& one whole 
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years, or G tunes 2160 years, therefore, the stars will appear 
to have moved forward one-half of the whole circle of the 
heavens, so that those which now appear in the first degree 
of the sign Aries, will then be in the opposite point of the 
xodiac, and, therefore, in the first degree of Libra. And in 
12,600 years more, because the equinoxes will have fallen 
back the other half of the cii'cle, the stars will appear to 
have gone forward from Libra to Aries, thus completing the 
whole circle of the zodiac. Thus, in about 26,000 years, 
the equinox will have gone backwards a whole revolution 
around the axis of the ecliptic, and the stars will appear to 
have gone forward the whole circle of the zodiac. 

163. " The discovery of the precession of the equinoxes 
has thrown much light on ancient astronomy and chronology, 
by showing an agreement between ancient and modem ob- 
servations, concerning the places of the signs of the zodiac, 
not to be reconciled m any other manner. A complete ex- 
planation of the cause which occasions the precession of the 
equinoxes, would require the aid of the most abstruse ma- 
thematics, and therefore cannot be properly introduced here. 
The cause itself may, however, be stated in a few words. It 
has already been explained that the revolution of the earth 
round its axis has caused an excess of matter to be accumu- 
lated at the equator, and hence, that the equatorial is greater 
than the polar diameter by 26 miles. Now the attraction of 
the sun and moon on this accumulated matter at the equator 
has the efiect of slowly turning the earth about the axis of 
the ecliptic, and thus causing the precession of the equi- 
noxes. 

« THE MOON. 

164. The moon is of about the fiftieth part of the bulk of 
the earth ; the mean or average distance of its centre from 
that of the earth is about 237,000 miles. *^This distance,"* 
observes Sir J. Herschel, " great as it is, is little more than 
one-fourth of the diameter of the sun's body, so that the 
whole globe of the sun would nearly twice include the whole 



163. In "what respect is the precession of the equinoxes an important 
mbject? What is the cause of the precession of the equinoxes r— 164. 
What is the size of the moon as compared with that oC ^^ vni^'^ 
What is its mean distance from the eaxO\? VlYaXSa ^<^ ^^oNaaoA^ ^^^^^ 
mooB ihno the earth, as eompand idiki \3m dSaaniaXML ^\ ^^da wqb^^^^"^^^ 
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orbit of the moon ; a consideration wonderfully calculated to 
raise our ideas of tiiat stupendous luminary!" 

165. *' While the earth revolves round the sun, the mooa 
revolves round the earth, completing her revolution once in 
27 days, 7 hours, and 43 minutes, and at the distance of 
240,000 miles from the earth. The period of the moon^s 
change, that is, from new moon to new moon again, is 29 
days, 12 hours, and 44 minutes. 

166. " The time of the moon's revolution round the earth 
is called her periodical month ; and the time from change 
to change is called her synodical month. If the earth had 
no annual motion, these two periods would be equal, but 
because the earth goes forward in her orbit, while tlie moon 
goes round the earth, the moon must go as much farther, 
from change to change, to make these periods equal, as the 
earth goes forward during that time, which is more than the 
twelfth part of her orbit, there being more than twelve lunar 
periods in the year. 

167. " These two revolutions may be fiuniliarly illustrated 
by the motions of the hour and minute hands of a watch, 
lict us suppose the 12 hours marked on the dial plate of a 
watdi to represent the 12 signs of the zodiac through which 
the sun seems to pass in his yearly revolution, while the 
hour hand of the watch represents the sun, and the minute 
liand the moon. Then, as the hour hand goes round the 
dial plate once in 12 hours, so the sun appaerently goes 
round the zodiac once in 12 months; and as the minute 
hand makes 12 revolutions to one of the hour hand, so the 
moon makes 12 revolutions to one of the sun. But the 
moon, or minute hand, must go more than once round, from 
any point on the circle, where it last came in coniunttion 
with the sun, or hour hand, to overtake it again, smce the 
liour hand will have moved forward of the place where it 
^as last overtaken, and consequently the next conjunction 
must be forward of the place where the last happened. 
During an hour, the hour hand describes the twelnh part 
of the circle, but the minute hand has not only to go round 

165. How long is the moon in completing her revolution round the 

^«Mih? What is the period from new moon to new moon again ? — 166. 

What are these two periods called? Why are not the periodical and 

4fyaodicak\ months equal? — 167. How are these two revolutions of the 

jnoon illustmted hy the two hands of & w«toh? Mention the time 

d^eveial conjunctifms between the twohMu^ ol wvvdt^t 
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l^e irhoie circle in an hour, but also such a portion of it, as 
the hour hand has moved forward since they last met. Thus, 
at 12 o^clock, the hands are in conjunction ; the next con- 
junction is 5 minutes 27 seconds past I o'clock ; the next, 
10 min. 54 sec. past II o'clock; the 3d, 16 min. 21 sec. 
past m ; the 4th, 21 min. 49 sec. past IV ; the 5th, 27 min. 
10 sec. past V; the 6th, 32 min. 43 sec. past VI ; the 7th, 
38 min. 10 sec. past VII; the 8th, 43 min. 38 sec. past VIII; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec. 
past X ; and the next conjunction is at XII. 

168. " Now although the moon passes around the earth in 
27 days 7 hours and 43 minutes, yet her change does not 
take place at the end of this period, because her changes 
are not occasioned by her revolutions alone, but by her 
coming periodically into the same position in respect to the 
sun. At her change, she is in conjunction with the sun, 
when she is not seen at all, and at this time astronomers call 
it new moon, though generally, we sa^ it is new moon two 
days afterwards, when a small part of her &uce is to be seen. 
The reason why there is not a new moon at the end of 27 
days, will be obvious, from the motions of the hands of a 
watch ; for we see that more than a revolution of the minute 
hand is required to bring it again in the same position with 
the hour hand, by about the twelfth part of the circle. 

169. '•'• The same principle is true in respect to the moon ; 
for as the earth advances in its orbit, it takes the moon 2 
days 5 hours and 1 minute longer to come again in conjunc- 
tion with the sun, than it does to make her monthly revolu- 
tion round the earth ; and this 2 days 5 hours and 1 minute 
being added to 27 days 7 hours and 43 minutes, the time of 
the periodical revolution, makes 29 days 12 hours and 44 
minutes, the period of her synodical revolution. 

170. ^^ The moon always presents the same side, or face, 
towards the earth, and hence it is evident that she turns on 
her axis but once, while she is performing one revolution 
round the earth, so that the inhabitants of the moon have 

168. Why do not the inoon*t elumffes take plaoe at the periods of her 
revolution around the earth? — 169. Uow mucn longer does it take the 
moon to come again in conjunction with the sun, than it does to p ear furm 
her periodical revolution? — 170. How is it proved that the moon makes 
but one revolution on her axis as she passes around the earth ? Qni& Ws5L 
of the moon is never in the dark; explain. ^Yi^ >SKa&\a ^•^« l&Gr«^BSo% 
are the days and the nights in the oihei Wll? 
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but one day, and one night, in the course of a lunar month. 
One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is re- 
flected to her from the earth, during the sun^s absence. The 
other half of the moon enjoys alternately two weeks of the 
sun's light, and two weeks of total darkness. 

171. ^^ The moon is a globe, like our earth, and, like the 
earth, shines only' by the light reflected from the sun; 
therefore, while that half of her which is turned towards 
the sun is enlightened, the other half is in darkness. Did 
the moon shine by her own light, she would be constantly 
visible to us, for then, being an orb, and every part illumi- 
nated, we should see her constantly full and round, as we 
do the sun. 

172. "One of the most interesting circumstances to us, 
respecting the moon, is the constant changes which she un- 
dergoes, m her passage aroimd the earth. When she first 
appears, a day or two after her change, we can see only a 
small portion of her enlightened side, which is in the form 
of a crescent ; and at this time she is commonly called new 
moon. From this period, she goes on increasing, or show- 
ing more and more of her fece every evening, until at last 
she becomes round, and her face frilly illuminated. She 
then begins again to decrease, by apparently losing a small 
section of her face, and the next evening another small sec- 
tion from the same part, and so on, decreasing a little eVery 
day, imtil she entirely disappears ; and having been absent 
a day or two, re-appears, in the form of a crescent, or new 
moon, as before. When the moon disappears, she is said to 
be in conjunction, that is, she is in the same direction from 
us with the sun. When she is frdl, she is said to be in oppa- 
sitUmy that is, she is in that part of the heavens opposite to 
the sun, as seen by us. 

173. ** The diflerent appearances of the moon from new to 
fallt and from full to change, are owing to her presenting 
different portions of her enlightened surface towards us at 
different tunes. These appearances are called the phases ot' 
the moon, and are easily accounted for, and understood, by 

171. Hov is it shovrn that the moon sbines only by reflected lislit? — 

172. When is the moon said to be in conjunction with the sun, and whea 

in opposition to the sun ? — 1 73. What are the phases of the moon ? D»> 

Bcribe Fig, 27, and show how the moou pastes ixom Odasv^ V> faU^ and 

£v2n AJJ to change? 
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the following figure. Let s, Fig. 27, be the sun, e the 
earth, and A, b, c, d, e, iiie moon in different parts of her 
orbit. 1. Now when the moon changes, or is in conjunction 
with the sun, as at A, her dark side is turned towards the 
earth, and she is invisible, as represented at a'. The sun 
always shines on one half of the moon, in every direction, as 
represented at a and b, on the inner circle; but we at the 
earth can see only such portions of the enlightened half as 
are turned towards us. 2. Afler her change, when she has 
moved from a to b, a small part of her illummated side comc:< 





Fig. 27. 

in sight, and she appears homed, as at b', and is then called 
the new moon. 3. When she arrives at c, several days after- 
wards, one half of her disk is visible, and she appears as at c*, 
her appearance being the same in both circles. At this point 
she is said to be in her Jirst quarter, because she has passed 
through a quarter of her orbit, and is 90 degrees from the 
place of her conjunction with the sun. 4. At d, she shows 
us still more of her enlightened side, and is then said to ap- 
pear gibbous, as at d'. 5. When she comes to e, her whole 
enlightened side is turned towards the earth, and she appears 
in ail the splendour of a ^ull moon. During the other halt' 
of her revolution, she dady shows less and less of her illumin- 
ated side, until she again becomes invisible by her conjunction 
with the sun. Thus, in passing from her conjunction a', to 
her full E', the moon appears every day to increase, while in 
going from her full to her conjunction again, she appears to 
iM constantly to decrease, but as seen from the sun, she ap- 
pears always full. 

174. *' How the earth appears at the moon. — The earth, 
seen by the inhabitants of the moon, exhibits the same ^\\aL^^ 

J74. WbMt ii Mid concerning; the xEhaaes ol^« «k^Sb^%j^ w«a^x««v*C^'^ 
moon ? When is the earth liiheT cWag,% to ^^ "^uo^^^ q\^^ \a»«s&J^ 
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that the moon does to us, but in a contrary order. When 
the moon is in her conjunction^ and consequently inyisible to 
us, the earth appears fiill to the people of the moon, and 
when the moon is fiill to us, the earth is dark to them. 

175. *'The earth appears thirteen times larger to the in- 
habitants of the moon than the moon does to us. As the moon 
always keeps the same side towards the earth, and turns on 
her axis oiuy as she moves round the earth, we never see her 
opposite side. Consequently, the inhabitants of the moon 
who live on the opposite side to us never see the earth at alL 
To those who live on the middle of the side next to us, our 
earth is always visible, and directly over head, turning on its 
axis nearly thirty times as rapidly as the moon, jfor she turns 
only once in about thirty days. A lunar astronomer, who 
should happen to live directly opposite to that side of the 
moon, which is next to us, would have to travel a quarter 
of the circumference of the moon, or about 1500 miles, to see 
our earth above the horizon, and if he had the curiosity to 
see such a glorious orb, in its fuU splendour over his head, 
he must travel 3000 miles. But ifhis curiosity equalled that 
of the terrestrials, he would be amply compensated by behold- 
ing so glorious a nocturnal luminary, a moon thirteen times 
as large as ours. 

176. ^^ That the earth shines upon the moon as the moon 
does upon us, is proved by the &ct that the outline of her 
whole disk may be seen, when only a part of it is enlightened 
by the sun. Thus when the sky is clear, and the moon only 
two or three days old, it is not uncommon to see the brilliant 
new moon, with her horns enlightened by the sun, and at the 
same time, the old moon faintly illuminated by reflection flcom 
the earth. This phenomenon is sometimes called *the old 
moon in the new moon^s arms.* 

177. ^^ It was a disputed point among former astronomers, 
whether the moon has an. atmosphere ; but the more recent 
discoveries have decided that she has an atmosphere, though 
there is reason to believe that it is much less dense than ours. 

178. " Surface of the moon. — When the moon^s surfiice is 
examined through a telescope, it is foimd to be wonderfully 
diversified, for besides the dark spots perceptible to the naked 

s 175. Why do those who live on one side of the moon never see the 
earth? — 176^ How is it known that the earth shmes upon the moon, as 
the moon does upon us? — 177. What is said conceitan^ ^\v«taQQu*a at- 
xaospberep — 178. How high are some of t\ie monn^aiaa, «a!i\tfy« 4n«^ 
ibe caverns of tfa« moon f 
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eye, tliere are seen extensive valleys, and long ridges of 
highly elevated mountains. Some of these mountains, accord* 
ing to Dr Herschel, are four miles high, while hoUowa more 
than three miles deep, and almost exactfy circular, appear exca- 
vated on the plains. Astronomers have been at vast labour 
to enumerate, figure, and describe, the mountains and spots 
on the surface of the moon, so that the latitude and longitude 
of about 100 spots have been ascertained, and their names^ 
shapes', and relative positions given. A still greater number 
of mountains have been named, and their heights and the 
length of their bases detailed. 

179. "The deep caverns, and broken appearance of the 
moon^s surface, long since induced astronomers, to believe 
that such effects were produced by volcanoes, and more re- 
cent discoveries have seemed to prove that this suggestion 
was not without foundation. Dr Hersehel saw, with his 
telescope, what appeared to him three volcanoes in the moon, 
two of which were nearly extinct, but the third was in the 
actual state of eruption, throwing out fire, or other luminous 
matter, in vast quantities. It was formerly believed that 
several large ^ots, which appeared to have plain surfiices, 
were seas, or lakes, and that a part of the moon*s surface was 
covered with water, hke that of our earth. But it has been 
found, on closely observing these spots, when they were in 
such a position as to reflect the sun^s light to the earth, had 
they been water, that no such reflection took place. It has 
also been found that, when these spots were turned in a cer- 
tain position, their sur&ces appeared rough and uneven, a 
certam indication that they are not water. These circum- 
stances, together with the fiict that the moon's surfkce is 
never obscured by mist or vapour, arising firom the evapora- 
tion of water from her surface, have induced astronomers to 
believe that the moon has neither seas, lakes, nor rivers, and 
indeed that no water exists there." 

180. Harvest moan; Hunters' moon. — ^Twice in the year the 
moon nses almost at the same hour during a week. This 
occurs in September or October, and in March or April ; in 
the former case, the moon is termed the harvest moon, in the 
latter, the hunters' moon. The following is an explanation of 
these phenomena, divested of technicalities. The moon moves 

179. What is wid concerning the TolctiKMB «^ >i» TMs«pa.> "Vi^^Mg^ "S» 
Kmposed concerning Uie lakes and b«m ol Wi© mowDi^ Qrjv^\iBXws«^^ 
it & eappoted HuA UieTt is no water hi t3&i« moou^— V^. '^x^gass^ '^^ 
pbenometm of the harvest moon and th« \niivUse( fn.^wsfo^ 
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nearly to the same distance from the smi every day, but it 
moves iQ a path the one-half of which is much nearer the north 
than the other ; and this is the case also with the apparent an- 
nual path of the sun, that luminary appearing much nearer to 
the north in summer than in winter. Thus, when the moon is 
moving northward at the most rapid rate, it escapes from the 
horizon northward, and rises earlier ; and when it moves south- 
ward at the most rapid rate, it approaches the horizon and sets 
earlier. The full moon can be in the former position only in 
September or October, and in the latter in March or April ; 
and thus the harvest and hunters^ moons are occasional. 

THE SATELLITES. 

181. Satellites of Jupiter. — ^It has already been stated that 
Jupiter is attended by four satellites. These, with their 
primary planet, constitute a miniature system, analogous, in 
the laws of its motions, to the great solar system in which the 
sun acts the part of primary, and the planets of satdlites. 
The orbits of tne sateUites are eUipses of y&ry moderate ec- 
centricity, the primary occupying one focus. The eclipses of 
Jupiter's satellites, which happen very frequently, afford sig- 
nals of considerable use for the determination of terrestrial 
longitudes. This method, indeed, until superseded by the 
greater exactness and facility now attainable by lunar ob- 
servations, was the only one which could be rdied on for 
great distances and long intervals. The following table, 
copied from Sir J. HerschePs Astronomy, exhibits a synop- 
tical view of the distances and periods in this system, so tar 
as they are at present known. The distances are expressed 
in equatorial radii of the primary. The epoch is January' 1, 
1801. The periods,. &c., are expressed in mean solar days. 



Sat. 


Mean 
Distance. 


Sidereal 
Revolation. 


Inclination of 

Orbit to that of 

Jupiter. 


Mass: that of 
Jupiter bmnff 
1000000000 


1. 
2. 
3. 
4. 


6-04853 

9-62347 

15-35024 

26-99835 


Id. 18h. 28m. 
3 13 14 
7 3 43 
16 16 32 


30° 5' 30*' 
Variable. 
Yariable. 
2 58 48 


17328 
23235 

88497 
42659 



i81. What kind of orbit is described by the Balte\\:\VA% ol ^xxyiXax*^ T^ 
wliat purpose baa the observation of theiz edy^»Q»\>«eTi«>iX»«^W\«QX^ 
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182. Satellites ofHerscheL — Herschel is supposed to be at- 
tended by six satellites. Of these, two undoubtedly exist, 
and four have been suspected. ^^ These two, however, offer 
remarkable, and indeea, quite unexpected and unexampled 
peculiarities. Contrary to the unbroken analogy of the whole 
planetary system — ^whether of primaries or secondaries — 
the planes of their orbits are nearly perpendicular to the 
ecliptic, being inclined no less than 78^ 58' to that plane, and 
in these orbits their motions are retrograde ; that is to say, 
their positions, when projected on the ecliptic, instead of 
advancing /rom west to east round the centre of their priman% 
as is the case with every other planet and satellite, move m 
the opposite direction. Their orbits are nearly or auite cir- 
cular, and they do not appear to have any sensible, or, at 
least, any rapid motion of nodes, or to have undergone any 
material change of inclination, in the course, at least, of half 
a revolution of their primary round the sun. 



Sat. 


Mean 

Distance. 

1 


Sidereal Period. 


Indination to Ecliptic. 


1.? 

2. 

3.? 

4. 

5.? 

6.? 


13120 
17-022 
19-845 
22-752 
45-507 
91-008 


5d- 21l>- 25o». 0«- 

8 16 56 6 

10 23 4 

13 11 8 59 

38 1 48 

107 16 40 


Their orblto are Inclined 
abont TS^* 5%* to the ecliptic, 
and thehr motion la retro- 
grade. The periods of the 
second and fourth reqah« a 
trifling correction. The or- 
bits appear to be nearly dr- 
cles. 



Sir J. HerBcheVs Aitronomy, 

183. Satellites of Saturn. — Saturn is attended by seven 
satellites. Of these, the most distant is by far the largest, 
and is probablv not much inferior in size to Mars. Its orbit 
is also materially inclined to the plane of the ring, with which 
those of all the rest nearly comcide. The next in order 
(proceeding inwards) is tolerably conspicuous; the next three 
are very mmute, and require a tolerably jjowerful telescope 
to see them ; while the two interior, which just skirt the 
edge of the ring, and move exactly in its plane, require the 

182. What two peculiarities have been noticed in the satellitA!^ «>^ 
Herachel ? What u the form of their orbits ?--\«^.N4V0cLVMau ^«f«M». 
of distinctness nmy the satellites of SiAuni \» *««a"» N<\a^. \a 'Qb^Asscox 
of their orhiU? 



most powerful telescopes wluch have yet been contfruoted tc 
Tien ikeaL. The folloniiig table ia taken from the work d 
Sir John Herschel : — 



m. 


Mam 
DislaucB- 


Sidereal 


KccantrioitLej 
and Iacliu^tioaa» 


1. 

2. 
3. 

4. 
5. 
6. 
7. 


3-351 
4-300 
5-S84 
G-819 
9 '524 
22'081 
64'359 


00. 221^ 38^=- 
1 8 53 

1 21 18 

2 17 45 
4 12 25 

15 22 41 
79 7 55 


Th» otbiti of tbB >ii in- 
terior BaWllitss are near)? 
cinaJar, mid •rery nEatly in 
UiaplBDeof thsrisg. That 
of tho aeivDth is coasLdB> 
abW bi^Used to tha n>t, 

coincidence with the eclip 
tie. 



184. "Every planet and satellite in the solar system isilln- 
ininated by the sun, and hence they cast shadowa in the di- 
rectJon opposite to him, just as the shadow of a man i-eaches 
in a direction from the aua. A shadow is nothing more than 
die interception of the rays of light by an opaque body. The 
earth always mokes a shadow, which reaches to an immense 
distance into open space, in the direction apposite to the sun. 
When the earth, turning on its axis, carries us out of the 
sphere of the sun's light, we say it is sunset, and then we pass 
into the earth's shadow, and night comes on. When the 
earth turns half round &om this point, and we again emeige 
out of the earth's shadow, we say, the sun rises, and then day 

185. " iNow an eclipse ofthe moon is nothing more than her 
fallmg into the shadow of the earth. The moon, having no 
Ught of her own, ia thus darkened, and we say she is eclipsed. 
The shadow of tho moon also reaches to a great distance from 
her. TVe know that it reaches at least 240,000 miles, becatus 
it sometimes reaches the earth. An eclipse of the sun is 
occasioned whenever the earth falls into the shadow of the 
moon, Heace, in eclipses, whether of the sun or moon, the 

184. What is B shadow? Wben do wa say it is lotuM, and whan do 

WB sa; it ia lunrisB P — 185. What occasiooa an edipu of the mgoaf 

' Whtt aaacs eshftes of the sun P In eclipsei of the Dwon, what pluMt 

it betwees the am and mooaP In edipteaai. ^ vm,'vWifluwtU 

iatween the tan md eoith? 
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two planets and tlie sun must be nearly in a straight line with 
respect to each other. In eclipses ^f the moon, the earth is 
between the sun and moon, and in eclipses of the sun, the 
moon is between the earth and sun. 

186. " If the moon went round the sun in the same plane 
with the earth, that is, were the moon's orbit on the plane 
of the ecliptic, there would happen an eclipse of the sun at 
every conjunction of the sun and moon, or at the time of 
every new moon. But at these conjunctions the moon does 
not come exactly between the earth and sun, because the 
orbit of the moon is inclined to the ecliptic at an angle of 5 J 
degrees. Did the planes of the orbits of the earth and moou 
comcide, there would be an eclipse of the moon at every full, 
for then the moon would pass exactly through the earth's 
shadow. 

187. " One half of the moon's orbit being elevated 5J de- 
grees above the ecliptic, the other half is depressed as much 
below it, and thus the moon's orbit crosses that of the earth 
in two opposite points, called the moon's nodes. As the nodes^ 
of the moon are the points where she crosses the ecliptic, she 
must be half the time above, and the other half below these 
points. The node in which she crosses the plane of the ecliptic 
upward, or towards the north, is called her ascending node. 
That in which she crosses the same plane downward, or to- 
wards the south, is called her descending node. 

188. " The moon's orbit, like those of the other planets, is 
elliptical, so that she is sometimes nearer the earth than at 
others. When she is at that part of her orbit which is at 
the greatest distance from the earth, she is said to be in her 
apogee, and when at her least distance from the earth, she is 
in her perigee, 

189. *' Eclipses can only happen at the time when the moon 
is at, or near, one of her nodes, for at no other time is she 
near the plane of the earth's orbit ; and since the earth is 
always in this plane, the moon must be at, or near it, also, 
in order to bring the two planets and the sun in the same 
right line, without which no eclipse can happen. 

186. Why is there not an eclipse of the stm at every conjunction of 
the sun and moon ? How many degrees is the moon*8 orbit melined to- 
that of the earth .^—187. What are the nodes of the moou? VToa^S^ 
meant by the ascending and deeeendvng TxoAft* o1 ^Saa xasjwa!^ — ^^^^^^^ 
What is the moon*8 Apogee, and, what h« 'pen^'?— \^Vi.'^'^l TKas85.NX»» 
moon be ut or near one of her nodes, to occa&\oTi «ii eOA^n^*^ 
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190. ^^ The reason why eclipses do not happen oflener, and 
at regular periods, is because a node of the moon is usually 
only twice, and never more than three times in the year, pre- 
sented towards the sun. The average number of total eclipses 
of both luminaries, in a century, is about thirty, and the 
average number of total and partial, in a year, about four. 
There may be seven eclipses in a year, inducQng those of both 
luminaries, and there may be only two. When there are only 
two, they are both of uie sun. When the moon is within 
16^ degrees of her node, at the time of her change, she is so 
near the ecliptic, that the sun may be more or less eclipsed, 
and when she is within 12 degrees of her node, at the time of 
her full, the moon will be more or less eclipsed. 

191. " But the moon is more frequently within 16^ de- 
grees of her node at the time of her change, than she is within 
12 degrees at the time of her full, and consequently there 
will be a greater number of solar, than of lunar eclipses, in 
a course of years. Yet more lunar eclipses will be visible, 
at any one place on the earth, than solar, because the sun, 
being so much larger than the earth, or moon, the shadow of 
these bodies must terminate in a point, and this point of the 
moon^s shadow never covers but a small portion of the earth^s 
surface, while lunar eclipses are visible over a whole hemi- 
sphere, and as the earth turns on its axis, are therefore visible 
to more than half the earth. This will be obvious by Figs. 
28 and 29, where it will be observed that an eclipse of uie 
moon may be seen wherever the moon is visible, while an 
eclipse of the sim will be total only to those who Uve within 
the space covered by the moon's dark shadow. 

192. " Lunar Eclipses. — When the moon falls into the 
shadow of the earth, the rays of the sun are intercepted, or 
hid from her, and she theu becomes eclipsed. Wnen the 
earth's shadow covers only a part of her face, as seen by us, 
she suffers onlv a partial eclipse, one part of her disk being 
obscured, while the other part reflects the sun's light. But 
when her whole surface is obscured by the earth^ shadow, 
she then suffers a total eclipse, and of a duration proportion- 

190. Why do not eclipses happen often, and at reffcdar periods? 

"What is the greatest, and what the least number of eclipses that can 

happen in a year? — 191. Why will there be more solar than lunar 

eelifees in the course of years ? Why will more lunar than solar eclipses 

A^ risible at any one place ? — 192. \V\iy la l\ie saxoA «c^v^« V>tal at one 

/'/ace and only partiai at another? 
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ate to the distance she passes through the earth^s shadow. 
Fig. 28 represents a total lunar eclipse; the moon being in 
the midst of the eartVs shadow. Now it will be apparent 
that in the situation of the sun, earth, and moon, as repre- 
sented in the figure, this eclipse will be visible firom all parts 
of that hemisphere of the earth which is next the moon, and 
that the moon's disk will be equally obscured, from whatever 
point it is seen. When the moon passes through only a part 
of the earth's shadow, then she suTOrs only a partial eclipse, 
but this is also visible firom the whole hemisphere next the 




Fig. 28. 

moon. It will be remembered that lunar eclipses happen 
only at full moon, the sun and moon being in opposition, and 
the earth between them. 

193. ^^ Solar Eclipses. — ^When the moon passes between 
the earth and sun, there happens an eclipse of the sun, be- 
cause then the moon's shadow falls upon the earth. A total 
eclipse of the sun happens often, but when it occurs, the to- 
tal obscurity is confined to a small part of the earth ; since 
the dark portion of the moon's shadow never exceeds 200 
miles in diameter on the earth. But the moon's partial 
shadow, or penumbra^ may cover a space on the earth of 
more than 4000 miles in diameter, within all which space 
the sun will be more or less eclipsed. When the penumbra 




Fig. 29. 



first touches the earth, the eclipse begnns at that place, and 
ends when the penumbra leaves it. But the eclipse vrill be 

193. Why it a total eclipse of the ran confined to to nwll a next <9& 
the earth ? What ia meant by nennrabra? VfVafc^>\\)%'dDA^«wi'<^ 
in tiie aqMct of the eclipie, whether t)k« obB«r««c liUsA ^H^vo. ^^>^ ^»^ 
tbadow, or only within the penumbra? 
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total only where the dark shadow of the moon tbuches the 
earth. Fig. 29 represents an eclipse of the sun, without 
regard to the penumbra, that it may be observed how small 
a part of the earth the dark shadow of the moon covers. To 
those who live within the limits of this shadow, the eclipse 
will be total, while to those who live in any direction around 
it, and within reach of the penumbra, it will be only partial. 
194. *^ Solar eclipses are called anmiicn',, from annulus^ a 
ring, when the moon passes across the centre of the sun, hid- 
ing all his light, with the exception of a ring on his outer 
edge, which the moon is too small to cover from the position 
in which it is seen. Fig. 30 represents a solar eclipse, with 




Fig. 30. 



the penumbra d c, and the umbra^ or dark shadow, ae se^i 
in the above figure. When the moon is at its greatest dis- 
tance from the earth, its shadow m o, sometimes terminates, 
before it reaches the earth, and then an observer standing 
directly under the point o, will see the outer edge of the sun, 
forming a bright nng around the circumference of the moon, 
thus forming an annular eclipse. 

195. " The penumbra d c, is only a partial interception of 
the sun^s rays, and in annular eclipses it is this partial shadow 
only which reaches the earth, while the umbra, or dark 
shadow, terminates in the air. Hence annular edipses are 
never total in any part of the earth. The penumbra, as al- 
ready stated, may cover more than 4000 miles of space, while 
the umbra never covers more than 200 miles in diameter ; 
hence partial eclipses of the sun may be seen by a vast num- 
ber of inhabitants, while comparatively few will witness the 
total .eclipse. 

196. '' When there happens a total solar eclipse to us, we 
are eclipsed to the moon, and when the moon is eclipsed to 
us, an eclipse of the sun happens to the moon. To the moon, 

194. What is meant b^ annular eclipses? — 195. Are annular eclipses 
jver total in any part oi the earth P In annular eclipses, Vrhat part 
of the mooD^B shadow reaches the earth ?-r-196. What is said coxictm- 
Jog the eclipsea of the earth, as seen irom Ih^ moou? 
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an eclipse of the earth can never be total, since her shadow 
covers only a small portion of the earth's snrfkce. Snch an 
eclipse, therefore, at the moon, appears only as a dark spot 
on the face of the earth; but when the moon is eclipsed to 
us, the sun is partially eclipsed to the moon for several hours 
longer than the moon is eclipsed to us." 

THE TIDES. 

197. The ocean rises and falls alternately. Its depth is 
observed to be greatest at any given place at a certain time 
after the moon has passed the meridian of that place ; it then 
decreases in depth to a certain degree, after which it again 
gradually rises. These phenomena recur after nearly the 
same intervals of time, and are called the ebbing sndjlotmng 
of the ocean, or, more commonly, the tides. The interval 
of time between low water and the following high water is 
called flood tide; and that between high and low water, ebb 
tide. If the interval of time between two successive passages 
of the moon over the same semi-meridian be called a lunar 
day, there are generally, or on an average, two high tides in 
one lunar day. 

198. " The cause of the tides is the attraction of the sun 
and moon, but chiefly of the moon, on the waters of the ocean. 
In virtue of the universal principle of gravitation, already 
explained, the moon, by her attraction, draws, or raises the 
water towards her ; but, because the power of attraction di- 
minishes as the squares of the distances increase, the waters, 
on the opposite side of the earth, are not so much attracted 
as they are on the side nearest the moon. This want of at- 
traction, together with the greater centrifugal force of the 
earth on its opposite side, produced in consequence of its 
greater distance from the common centre of gra^ty, between 
the earth and moon, causes the waters to rise on the opposite 
side, at the same time that they are raised by direct attrac- ' 
tion on the side nearest the moon. 

199. "Thus the waters are constantlv elevated on the 

197. What are the tides ? What are flood tide and ebb tide ?— 198. 
What is the cause of the tides? W^hat causes the tide to rise on the 
side of the earth opposite to the moon ? — 199. If the earth stood still, the 
tides would rise only as the moon passes round the earth ; what then 
causes the tides to rise twice in 24 hours ? When it is high "water nndex. « 
the moon by her attraction, what is the csmsa ol \i\^^^5«kX ^-a-^^siSk^sf 
posite sido of the earth at the same lVax«? 
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sides of the earth opposite to each other above their common 
level, and consequently depressed at opposite points equally 



O- 




Fig. 31. 

distant from these elevations. Let m, Fig. 31, be the moon, 
and B the earth covered with water. 1. As the moon passes 
roimd the earth, its solid and fluid parts are equally attracted 
by her influence according to their densities; but while the 
solid parts are at liberty to move only as a whole, the water 
obeys the slightest impulse, and thus tends towards the moon 
where her attraction is the strongest. Consequently, the 
waters are perpetually elevated inmiediately under the moon. 
If, therefore, tne earth stood still, the influence of the moon^s 
attraction would raise the tides only as she passed round the 
earth. 2. But as the earth turns on her axis every 24 hours, 
and as the waters nearest the moon, as at ▲, are constantly 
elevated, they will, in the course of 24 hours, move round the 
whole earth, and consequently from this cause there will be 
high water at every place once in 24 hours. 3. As the ele- 
vation of the waters under the moon causes their depression 
at 90 degrees* distance on the opposite sides of the earth, D 
and c, the point c will come to the same place, by the earth^s 
diurnal revolution, six hours after the point A, because c is 
one quarter of the circumference of the earth from the point 
A, and therefi)re there will be low water at any given place 
six hours after it was high water at that place. 4. But while 
it is high water under the moon, m consequence of her direct 
attraction, it is also high water on the opposite side of the 
earth, in consequence of her diminished attraction and the 
eartVs centrifugal motion, and therefore it will be high water 
from this cause twelve hours after it was high water from the 
former cause, and six hours after it was low water from hoth 
causes. 

200. ^^ Thus when it is high water at a and b, it is low 
water at c and d, and as the earth revolves once in 24 hours, 
there will be an alternate ebbing and flowing of the tide, at 
every place, once in six hours. But while the earth tncps 

200, Why are the tides about 50 imsatm \&\«t «v«rr da^ ? 



THE TIDES. 81 

on her axis, the moon advances in her orbit, and consequent- 
ly any given point on the earth will not come under the 
moon on one day so soon as it did on the day before. For 
this reason, high or low water at any place occurs about fifty 
minutes later on one day than it did tne day before. 

201. ^^ Thus &r we have considered no other attractive 
influence except that of the moon, as affecting the waters of 
the ocean. But the sun, as already observed, has an efiect 
upon the tides, though on account of his great distance, his 
influence is small when compared with Uiat of the moon. 
When the sun and moon are in conjunction, as represented 
in Yig, 31, which takes place at her change, or when they 
are in opposition, which takes place at full moon, then their 
forces are united, or act on the waters in the same direction, 
and consequently the tides are elevated higher than usual, 
and on this account are called spring tides, 

202. ^^ But when the moon is in her quadratures, or quar- 
ters, the attraction of the sun tends to counteract that of the 
moon, and although his attraction does not elevate the waters 
and produce tides, his influence diminishes that of the moon, 
and consequentiy the elevation of the waters is lo» when 
the sun and moon are so situated in respect to each other, 
than when they are in conjunction, or opposition. TUs ef- 
fect is represented by Fig, 32, where tne elevation of the 





Fig. 32. 

tides at c and D is i>roduced by the causes already explained ; 
but their elevation is not so great as in Fig. 31, smce the 
influence of the sun acting in the direction A b, tends to 
counteract the moon^s attractive influence. These small 
tides are called neap tides, and happen only when the moon 
is in her quadratures. 



201. Wluit produces spring tides? When must the moon. h% v^ 
speet to the sun to produce spring tidet?— 2tfl. \9\dil Yb^du^ wmugl^s^ «K 
neap tides? 
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203. ^^ The tides are not at their greatest heights at tiie 
time when the moon is at its meri^an, but some time after- 
wards, because the water, having a motion forward, con- 
tinues to advance by its own inertia, some time after the 
direct influence of the moon has ceased to afiect it." l^lis 
may be also observed with respect to the greatest heat and 
cold, which are not felt on the solstitial days, when the ac- 
tion of the sun is greatest and least. 

204. The tides rise to different heights m difierent parts of 
the world ; in the Bristol channel they rise above forty feet, 
and on the eastern coast of Korth America more than fifty 
feet ; but their average height is considerably under twenty 
feet. In the Mediterranean sea, the tides are small, and in 
some places scarcely perceptible ; this is occasioned by the 
inland character of that sea, and by the arrest given to the 
rise and fall of the tides by the straits of Gibraltar. 

LATITUDE AND LONGITUDE. 

205. The situation of places on the surface of the earth* is 
determined, as to north or south, by their latitude^ and as 
to east and west, by their longitude; and these distances 
are reckoned by degrees^ minutes^ and seconds. Every circle, 
whatever may be its diameter, is divided into 360 degrees — 
a mode of division suggested by the supposed passage of the 
sun through the ecliptic, or great circle of the heavens, in 
360 days, each day's progress being termed a gradus^ step or 
degree. Each degree is subdivided into 60 minutes, or miles, 
and each minute into 60 seconds. These divisions are denoted 
hy the signs •, ', "; thus SS'', 34', 28", signify 55 degrees, 34 
minutes or nnles, and 23 seconds. Further, N. stands for 
north, S. for south latitude ; E. for east, W. for west longi- 
tude. 

203. Why are not the tides at their greatest height when the moon is 
at its meridian? — 204. What is the average height of tides.' State 
some exceptions to this rule. — 205. How is the situation of places on 
the surface of the earth determined, as to north and south ? How, as 
to east and west? How is a circle divided? What are the signs of 
the divisions? 

♦ The surface of the earth comprises 148,187,600 square mUcs, of which about 
6ne-fourth part, or 39,966,600 square miles, is land, and the remaining thnic- 
fourths, or 108,231,000 square miles, are water. The estimated number of square 
miles contained in each quarter of the globe, is as follows : — 

Square Miles. Square Miles. 

Europe, 2,685,700 hfr^sa^ A,9Q2,000 

Asta^ 15,626,300 America,. .Vl,«^^*»i 
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< 206. The mile of which we have here spoken, is the geo- 
graphical mile, and must not be confounded with the British 
statute mile, or the conmion itinerary measure of this country-, 
and of which 69 J are contained in a degree of latitude. The 
former is, however, always understood to be employed, unless 
the latter be specified. 

207. ^^ Latitude is the distance from the equator in a direct 
line, north or south, measured in degrees and minutes. The 
number of degrees is 90 north, and as many south, each line 
on which these deuces are reckoned running from the equa- 
tor to the poles, rlaces on the north of the equator are in 
north latitude, and those on the south of the equator are in 
south latitude. The parallels of latitude are imaginary lines 
drawn parallel to the equator, either north or south, and 
hence every place situated on the same parallel is in the same 
latitude, because ■ every such place must be at the same dis- 
tance firom the equator. The length of a degree of latitude 
is 60 geographical miles. 

208. ^^ Longitude is the distance measured in degrees and 
minutes, either east or west, firom any given point on the 
equator, or on any parallel of latitude. Hence the lines, or 
meridians of longitude, cross those of latitude at right angles. 
The degrees of longitude are 180 in number, its lines extend- 
ing half a circle to the east, and half a circle to the west, 
from any given meridian, so as to include the whole circum- 
ference of the earth. A degree of lon^tude, at the equator, 
is of the same length as a degree of latitude, but as the poles 
are approached, the degrees of longitude diminish in length, 
because the earth grows smaller in circumference from the 

. equator towards the poles; hence the lines surrounding it 
become less and less. 

209. "This will be made obvious by Fig. 33. Let 
this figure represent the earth, n being the north pole, s the 
south pole, and E w the equator. The lines 10, 20, 
30, and so on, are the parallels of latitude, and the lines 
N A s, N B s, &c., are meridian lines, or those of longi- 

20G. What is the difference hetween a geographical mile and a Britidi 
statute mile P — ^207. What is latitude ? How many degrees of latitude 
are there ? How far do the lines of latitude extend ? What is meant 
by north and south latitude? What are the parallels of latitude?-^ 
208. What is longitude ? How many d^rees of lonntudA «s% ^^oasn*^ 
east or west? What is the latitude oi wij '^\afi^'^— -^Vif^.^Xa^H "^^ 
longitude of a place ? 
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degrees. The lon^tude of 
A pUce u the numbcx of 

degrees it u sitnsted east or 
' \Tefit from any meridian line; 
thus, V U 20 degreei iroit 
longitude from x, and x is 
20 degrees east longitade 

210. "As the ©qwrtox 
■a divides the earth into two 

Fig. 33. equal parti, or hemispheres, 

there leems to be a natural reason why the degrees of 
latitude should be reckoned from this great circte. But 
jVom east to vc4t . there is uo natural division c^ the 
earth, each meridian line being a great circle, dividing the 
earth into two hemispheres, and hence there is no natural 
reason why longitude should be reckoned from one meridian 
any more than another. It has, therefore, been cuatomary Ibr 
wnt«rs and mariners to reckon longitude from the camtjtl of 
their own countir, as the En^h from London, the French 
from Paris, and uie Americana from Washington. Bnt this 
mode, it is apparent, must occasion much confusion, since 
each writer of a difierent nation would be obliged to ctarect 
the lonntode of all other countries, to make it agree mQt lus 
, own. More recently, therefore, the writers of Europe and 
America have selected the roynl observatory, at Greenwich, 
near London, as the first meridian, and on most maps and 
charts lately published, longitudo is reckoned from that jdace. 
211. "■How latttvde it found. — The latitude of any place 

210. Wby irg the degrMt of Utituds »cki>ti«d trota ths aautOTp 
Wlut u uid con«nuiig tJia pluei &om which Iht Atgnta of loB^- 
tnd* hiva beta nekoDsdP Wbkt.ii tbe 



lowitoda from k place in «Bch connUr P- Fram wluit plaa* ii loogitada 
f«okoii«diD fiuropft and Amariea?^ — ^l. How ii tbe u^tad« of & pKua 
detorminedp Give an siuopls of the metliod of floding ttia latitodaof 
«£« MOW jiJiM at diSerent leuoai of tha jw. 
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is determined by taking the altitude of the sun at mid-daj, 
and then subtracting tibis from 90 desrees, making proper 
allowances for the sun's place in the heavens. The reason 
of this will be understood, when it is considered that the 
whole number of degrees from the zenith to the horizon is 
90, and therefore if we ascertain the sun's distance from the 
horizon, that is, his altitude, by allowing for the sun's de- 
clination north or south of the equator, and subtracting this 
from the whole number, the latitude of the place will bo 
found. Thus, suppose that on the 20th of March, when the 
sun is at the equator, his altitude from any place north of the 
e<][uator should be found to be 48 degrees above the horizon; 
this, subtracted from 90, the whole number of the degrees of 
latitude, leaves 42, which will be the latitude of the place 
where the observation was made. 

212. **If the sun, at the time of observation, has a declina- 
tion north or south of the equator, this declination must be 
added to, or subtracted from, the meridian altitude, as the 
case may be. For instance, another observation being taken 
at the place where the latitude was found to be 42, when the 
sun had a declination of 8 degrees north, then his altitude 
would be 8 degrees greater than before, and therefore 56, 
instead of 48. Now, subtracting this 8, the sun's declina- 
tion, from 56, and the remainder from 90, the latitude of the 
place will be found 42, as before. J£ the sun's declination be 
south of the equator, and the latitude of the place north, his 
declination must be added to the meridian altitude, instead of 
being subtracted from it. The same result may be obtained 
by taking the meridian altitude of any of the fixed stars, 
whose declinations are known, instead of the sun's, and pro- 
ceeding as above directed. 

213. " How longitude is found. — ^Thero is more difficulty 
in ascertaining the degrees of longitude, than those of latitude, 
because, as above stated, there is no fixed point, like that of 
the equator, firom which its degrees arc reckoned. The de- 
grees of longitude are therefore estimated fi*om Greenwich, 
and are ascertained by the following methods: — 

212. When most the sun*! deolinfttion from the eaufttor be sdded to, 
and when snbtnurted from, his meridian altitude? — 213. Why is there 
more difficulty in ascertaining the d^;ree« of lon^tude t]h9ixL.^Na^v- 
tude? 
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21'!. ^^ When the sun comes to the meridian of any place, 
it is noon, or 12 o^clook, at that fdace, and iher^re^ since 
the equator is divided into 360 equal parts, or degrees, and 
since the earth turns on its axis once in 24 hours, 15 degrees 
of the equator will correspond with one hour of tune, for 860 
degrees being divided by 24 hours, will give 15. The earth, 
therefore, moves in her daily revohition, at the rate of 15 
degrees for every hour of time. Now, as the apparent coarse 
of the sun is from east to west, it is obvious that he will come 
to any meridian lying east of a given place, sooner than to 
one lying west of that place, and therefore it will be 12 
o'clock to the cast of any place, sooner than at that place, or 
to the west of it. When, therefore, it is noon at any one 
place, it will be 1 o'clock at aU places 15 degrees to the east 
of it, because the sun was at the meridian of such places an 
hour before ; and so, on the contrary, it will be eleven o'dodi^, 
fifteen degrees west of the same place, because the sun has 
still an hour to travel before he reach the meridian of that 
place. It makes no difierence, then, where the observer is 
placed, sinee, if it is 12 o'clock where he is, it will be 1 o'clock 
15 degrees to the east of him, and 11 o'clock 15 degrees to 
the west of him, and so in this proportion, let the time be 
more or less. Now, if any celestial phenomenon should hap« 
pen, such as an eclipse of the moon, or of Jupiter's satellites, 
the difference of longitude between two places where it is 
observed, may be determined by the difference of the times 
at which it appeared to take place. Thus, if the moon enters 
the earth's shadow at 6 o'clock in the evening, as seen at 
Philadelphia, and at half past 6 o'clock at another place, then 
this place is half an hour, or 7^ degrees, to the east of Phila- 
delphia, because 7 J degrees of longitude are equal to half an 
hour of time. To apply these obsei'vations practically, it is 
only necessary that it should be known exactly at what time 
the eclipse takes place at a given point on the earth. 

215. " Longitude is also ascertained by means of a chro- 
noiheter, or true time-piece, adjusted to any given meridian; 
for if the difference between two clocks, situated east and 

214. How many degrees of longitude does the surface of the eorUi 

pass through in an hour ? Suppose it is noon at any given place, what 

o'clock will it be 15 degrees to the east of that place? Eiplain the 

reAsoD, How may iongitude be determined by an eclipse ?— 215. £^- 

pJaia the principles on which longitude is ieteramift^ \i^ ^<a «^a^ 

Jivweter. 
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vrest of each other, and going exactly at the sanae rate, can 
be known at the same time, then the distance between th^ 
two meridians, where the docks are phiced, will be known, 
and the diiiference of longitude may be found* 

216. ^^ Suppose two chronometers, which are known, to go. 
at exactly the same rate, are made to indicate 12 o'clock by 
the meridian line of Greenwich, and the one be taken to sea» 
while the oUier remains at Greenwich. Then suppose the 
captain, who takes his chronometer to sea, has occasion to 
know his longitude. In the first place, he ascertains, by an 
observation of the sun, when it is 12 o^clock at the place 
where he is, and then by his time-piece, when it is 12 o'clock 
at Greenwich, and by allowing 15 degrees for every hour 
of the difference in time, he will know his precise longitude 
in any part of the world. For example, suppose the captain 
sails with his chronometer for America, and after being several 
weeks at sea, finds by observation that it is 12 o'clock by tho 
sun, and at the same time finds by his chronometer that it. 
is 4 o'clock at Greenwich. Then because it is noon at his 
place of observation after it is noon at Greenwich, he knowi^ 
that his longitude is west firom Greenwich, and by allowing 
15 degrees for every hour of the difference, his longitude is ' 
ascertained. Thus, 15 degrees, multiplied by 4 hours, give- 
60 degrees of west longitude from Greenwich. K it is nooa 
iit the place of observation, before it is noon at Greenwich, 
then the captain knows that his longitude is east, and his^ 
true place la found in the same manner." 

THE FIXED STABS. 

217. Besides the bodies which have been described, an. 
innumerable multitude of luminaries, which have not been 
observed to change their places with respect to ieach other, 
may be seen in the heavens. These are termed Jixed stara^ 
not because it is absolutely denied that they are in a state of 
motion, but because their motion, if any, is exceedingly slow, 
and inappreciable by us, in consequence of the stupendous . 
distances at which they are placed from our system. The 

216. Suppose the c;4>tain finds by his chronometer tiiat it is twelve 
o'clock, where he is, six hours later than at Greenwich, whajb thm 
would be his longitude? Suppose he finds it to be twelve o'clock 
four hours earlier, where he is, than at Greenwieh, niIaI \2utK^ ^«^x^l. 
bebif longitude ?~21 7. Why are thfi stata qb^^^oj^'^ ^^Sk!V« 
the Btfura Z^ dutittgmahed from the plaueU 
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fixed stars may be distinguiahed from the planets by their 
scintillations or twinkling. 

218. Classification of fxed stars. — ^The fixed stars have 
been classified, according to their comparative brightness, 
into stars of the first, second, and so on to the sixth or 
seventh magnitude. 1. By the use of powerful instruments, 
this mode of distribution has been extended to stars of the 
sixteenth magnitude, and would probably admit of unlimited 
application, if our instruments were susceptible of adequate 
improvement. About 15 or 20 stars are usually referred by 
astronomers to the first magnitude; fi:om 50 to 60 to the 
second ; about 200 to the third ; and so on, according to 
their decreasing brightness, including a catalogue of nearly 
20,000 stars, Tioiich have been reckoned down to the seventh 
magnitude. It was observed by Kepler that the surfitce of 
a sphere presents only thirteen points equally distant firom 
each other, and fix>m the centre ; hence, supposing that the 
nearest fixed stars are as distant from each other as they 
are firom the sun, he concludes that there are only thirteen 
stars of the first magnitude. At twice the distance fifX>m the 
sun, there may be four times as many, or fifty-two stars of 
the second magnitude ; and so on. This ingenious sugges- 
tion indicates, with tolerable accuracy,' the number of stars 
usually referred to first, second, and tlurd magnitude. 

219. Distances of the fixed stars. — " The nearest fixed 
stars to our system, from the most accurate astronomical 
calculations, cannot be nearer than 20,000,000,000,000, or 
20 trillions of miles firom the earth, a distance so immense, 
that light cannot pass through it in less than three years. 
Hence, were these stars annihilated at the present time, their 
light would continue to flow towards us, and they would ap- 
pear to be in the same situation to us, three years hence, that 
they do now. Our sun, seen firom the distance of the nearest 
fixed stars, would appear no larger than a star of the first 

218. The stars are divided into classes according to their magni- 
tudes ; how many classes are there ? How many stars may he seen 
with Uie naked eye in the whole firmament? State the suggestion of 
Kepler with reference to the classification of the stars. — 2197 What is 
the computed distance of the nearest fixed stars from the earth ? How 
long would it take light to reach us from the fixed stars ? How large 
would our sun appear at the distance of the fixed stars? What is 
sMi'd concemiDg the difference of the distance between the earth and the 
dzed stars at Sfferent seasons of the year, and ol ^«vc ^kS«E«nt cu^^^ear- 
-Mace in cozuequenee? 
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magnitude does to ns. These stars appear no larger to us, 
when the earth is in that part of her orbit nearest to them, 
than they do when she is in the opposite part of her orbit ; 
and as our distance from the sun is 95,000,000 of miles, we 
must be twice this distance, or the whole diameter of the 
earth's orbit, nearer a given fixed star at one period of the 
year than at another. The difference, therefore, of 190,000,000 
of miles, bears so small a proportion to the whole distance be- 
tween us and the fixed stars, as to make no appreciable dif- 
ference in their sizes, even when assisted by the most power- 
ful telescopes. 

220. ^' The amazing distances of the fixed stars may also 
be inferred from the return of comets to our system, after an 
absence of several hundred years. The velocity with which 
sopie of these bodies move, when nearest the sun, has been 
computed at nearly a million of miles in an hour, and al- 
though their velocities must be perpetually retarded, as they 
recede from the sun, still, in 250 years of time, they must 
move through a space which to us would be infinite. The 
periodical return of one comet is known to. be upwards of 
500 years, making more than 250 years in performing its 
journey to the most remote part of its orbit, and as many 
in returning back to our system ; and that it must stiU al- 
ways be nearer our system than the fixed stars, is proved by 
its return ; for by the laws of gravitation, did it approach 
nearer another system it would never again return to ours. 

221. ^^ From such proofs of the vast distances of the fixed 
stars, there can bo no doubt that they shine with their own 
light, like our sun, and hence the conclusion that they are 
suns to other worlds, which move around them, as the planets 
do around our sun. Their distances will, however, prevent 
our ever knowing, except by conjecture, whether this is the 
case or not, since, were they miUions of times nearer us than 
they are, we should not be able to discover the reflected light 
of their planets." 

222. MUky way, — "There are not wanting," observes 
Sir J. Herschel, " natural districts in the heavens, which 
offer great peculiarities of character, and strike every ob- 
server: such is the milky way, that great luminous band, 

220. How may the distances of the fixed stars be inferred by the 
long absence and return of comets ?— 221. On. Nrbskt. ^Q^QXk&ikSsK "SN. ^soc^ 
posed that the fixed stars are suns to ol\k« ^oxYi^"^— '£a,^>Qa^>a''^sj». 
mUkyxmy? How ia it divided? 



90 THE FIXED STABS. 

-which stretches, every evenhig, all across the sky, from 
horizon to horizon, and which, when traced with dUiffence, 
and mapped down, is fonnd to form a zone complete^ en- 
cirding tht whole sphere^ almost in a great drcle, which is 
neither an hour circle, nor coincident with any other of our 
astronomical ^amiTiata. It is dividend in one part of its 
course, sen(^ng off a kind of branch, which unites again with 
the main body, after remaining distinct for abont 150 degrees. 
This remaJt'kable belt has maintained, from the earliest ages, 
the same relative situation among the stars ; '■ and, when ex- 
amined through powerful telescopes, is found (wonderful 
to relate) to consist entirely of stars scattered by miUUms, like 
glittering dust, on the bla!ok ground of the general' keaTens. 

223. Periodical stars, — ^^'Amongthe stars areseveralwhidi^ 
though no way distinguishable from o&ers ' by any apparent 

ohange of plaee,'nor by any difference of appearanee in 
telesoopes, - ^'et m^dergo a regular periodical increase and 

' diminution of' lustre, invblving, in one or two cases, a com- 
l^ete- extinetton and • reriral. These < are called ■ perio^kal 
etdrs, - One* ^f * ^e most remarkable is the ertap Omieron^ in 
the oonstellalion Cm^; first noticed' by Fabricius in' 1^96. It 

' appears about twelve times in eleven years, or more exactly, 
in a period of 834 days; remains at its greatest brightness 
about a fortnight, being then, on some occasions, equal to a 
targe star of the second magnitude ; decreases diuing about 
three monUis, till it becomes completely invisible, in which 
state it remains during about five months, when it again 
become? visiMe, and conidnues increasing during the remain- 
ing three months of its panod." — Herschers Astronomy. 

224. Temporary stars* — Sir J. Herschel describes other 
phenomena of stellar variation, under the term of temporary 
stars, which have, appeared, fi*om time to time, in different 
parts of the hea^jMf blazing forth with extraordinary lustre ; 
and, after remaimng a while apparently immoveable, have 
died away and left no trace. The appearance of a star of 
this kmd, in 1572, was so sudden, that Tydbo Bxahe, retumiog 
one evening (Nov. 11) from his laboratory to his dwelMnf- 
house, was surprised to find a group of country people 
gazing at a star, which he was sure did not exist half an hour 
before. It was then as bright as Sirius, and continued to 

^S, What are periodical stars? Dewribe the. periodicity of one of 
tbeae,*^224, Wbht are temponry Stan? Olve ui Movoaix ^\ «&» ^C 
ibese. 
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increase tHl it snrpaseed Jupiter when brightest, and was 
Timl^ at mid-daj. It b^gan to dimimah in iPecember ^f the 
same year, and in March, 1674, had entirely, disappeared. 
So, also, on th^ 10th of October, 1604, a star of ibsJobi^dy 
and not less brilliant, birst Icnrth in the con8tdlatiozix>f Serpen- 
tarios, and continued ^visible till. October, 1605. 

0QBIBT8. 

225. "Besides llie planets which moreronnd thesnn'an 
regidar order, and in nearly circular orbits, there beloagsrto 
the Bcbac system an unknown number of bodies called annetSy 
(pthetiry- stars f) #hichi move round the isun in orbits exceed- 
ingly eccentric, or elliptical, and whose a|^>earaiice amobgour 
heayeiiLly bodies is only occasional. Comets, to the naked 
e^, have no visible disk, but shine with a fkmt, gkimmenDg 
light, and are accompanied by afratnor tot7, turned finom 
the sun, and which is sometimes of immense length. They 
■appear in every region of the heavens, and move in every 
possible direction. 

226. " It had been- supposed that comets moved in straight 
linesv' coming from the regions of infinitCy or imknown spade, 

. and merely passing by our system, on their way to regions 
equally unknown and infinite, and from which they never 

• retumcjd. Sir Isaac Newton was ' the first to d^nonstrate 
that the comets pass round the sun,' like the planets,: but that 
their orbits are exceedingly Optical, and extend out to a 
yast distance beyond the solar system. 

227. '^^•The number of comets is unknown, though some 
astronomers suppose that there are nearly 500 belonging to 
our system. Ferguson, who wrote in about 1760, supposed 
that there were fewer than -30 comets which made us occasional 
visits ; but since that period the elements of the orbits of 
nearly 100 of these bodies have been computed. Of these, 
however, there are only three whose periods of retinn among 
us are known with any degree of certainty. The first of these 
has a period of 75 years ; the second a period of 129 years ; 
and the third a period of 575 years. The third appeared 

225. What is a comet ?— 226. In what kind of orbit do comets move ? 
•—227. 'l^hat nnmber of comets are supposed to behmg to onr ajitecci.^ 
' How many have had the elements of ike\T oi\>\\a «!fMXBiiu^>s<j wte^CkS^ 
ners? How maay are there whoM ^^«no^ ^l iAVu:a vtA >KfiKE«^'^ 
WhMt iM taid of the comet of 1682 ? 



in 1682, and therefore cannot be expected again until the 
year 2257. This comet, tig. 34, in 1683, excited the most 
'-*iDse interest amoDg 
nstroDomers of £u' 
I rope, on account of its 
great apparent Bize, and 
near approach to oar 
ijstem. In the most 
remote part of its orbit, 
its distance from die 




V1g>3*> aboat eleven thousand 

two hundred millions of miles. At its nearest approach to 
the sun, which was onlj^ about 50,000 miles, its relodtj, 
according to Sir Isaac Newton, was S80,000 miles in an hour ; 
' and supposing it to have retiuned the sun's heat, like other 
solid bodies, its temperature most have been about 3000 
timea that of red hot iron. The tail of this comet was at least 
100 millions of miles long. 

228. "In the Edinbursh Eucydopeclia, article Astrorton^, 
there is the moat coinplete table of comets yet published. 
This table contains the elements of 97 comets, calculated b^ 
different astronomers, down to the year 1808. From this 
table it appears that 24 comets have passed between the sun 
and the orbit of Mercury ; 83 between the orbits of Venus 
and the Earth ; 15 between the orbits of the Earth and Uars ; 
3 between the orbits of Mara and Ceres ; and 1 between the 
orbits of Ceres and Jupiter. It also appears by this table 
that 19 comets have moved round the sun from west to east, 
and 46 Irom east to west. 

229. " Of the nature of these wandering planets very little 
ia known. When examined by a telescope, they appef lihe 
a mass of vapours Burroanding a dark nucleos. When the 
comet is at its perihelion, or nearest the sun, its colour seems 
to be heightened bythe intense light or heat of that luminary, 
and it then often ihines with more brilliancy than the planet. 
At this time the tail or train, which is always directly oppo- 
site to the sun, appears at its greatest length, but is commonly 
so transparent as to permit the fixed stars to be seen throogn 

32S. How manj cometi are dasciibed u moTing rcmnd the nm fhnn 
wot to tut, lid bow mwr from cut to wot?— 229. What ii dw 
geaerml mptatmce presoatad by a cumaV? "^nitt d^niou bav* besB 
eaterUiatd of their nature ? 
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it. A variety of opinions have been advanced by astronomers 
concerning the nature and causes of these trains. Newton 
supposed that they were thin vapour, made to ascend by the 
sun^s heat, as the smoke of a &re ascends from the earth ; 
"while Kepler maintained that it was the atmosphere of the 
Gomet driven behind it by the impulse of the sun's rays. 
Others suppose that this appearance arises from streams of 
electric matter passing away from the comet," &c. 

230. The comet, above noticed (§ 227), has been named 
from Edmund Halley, who considered it the same as that 
which had appeared in 1531 and 1607. He, accordingly, 
predicted its reappearance about the year 1759, and on the 
12th of March in that year it actually re-appeared. This is 
the first comet whose periodicity was foretold, and the truth 
of the prediction verified. Its next return to the perihelion 
was calculated by M. Damoiseau, and fixed for the year 1835. 
The intervals of its returns are therefore 75 or 76 years. 
The comet named from Prof Encke, of Berlin, completes 
its orbit in about 3^ years. Its return was calculated in 1819, 
and the result of the calculation verified by its several re- 
appearances in 1822, 1825, 1828, &c. The comet of Biela 
is identical with that which appeared in 1789, 1795, &c. 
It describes its elliptic orbit about the sun in 6| years, and 
was seen in 1832 and 1838. The periods of this comet are 
continually diminishing ; in other words, its mean distance 
from the sun, or the major axis of the ellipse, are dwindling 
by slow but regular degrees. 

231. The probability of a comet coming in collision with 
the earth, or with any other planet, may be reduced to a 
very slight aniount, if we compare with the small volume of 
the earSi or any other planet, and that of comets, the im- 
mensity of the space in which these bodies move. M. Arago 
observes that the doctrine of chances afibrds us the means of 
estimating numerically the probability of such a collision, 
and shows that there is but one such chance in 281 millions ; 
that is to say, that, on the appearance of a new comet, the 
odds are 281 millions to one that it will not strike against 
one globe. 

230. State the periodicities of the eomets of Halley, Encke, and 
Biela. — ^231. What ii the amount of probability that a comet "vUL ^'^^'«- 
eome into collision with the earth? 
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Artificial globes are instruments generallv, employed . fpr 
the purpose of conveying to students the &^t ideas of tha. 
figure and rotation of the earth, of latitude and lon^tud^^ 
and of th)e' situation of traces with respect to each other, and' 
to the ;3un.at the dif^cnt seasons of the year. The artificial: 
^obe is formed of' metal or plaster, on the surfaJce of which 
IS delineated a map of the earth, or of the celestial constella- 
tions, together with the principal circles of the sphere ; in 
the former case:, the instrument is called a terrestrial; in the 
latter, a ccldstial globe. These globes are also used for the 
p;urpose of. solving mechanically a few elementary problems 
of astronomy, relative to the difference of the hour of the 
day at. different places, the times of the rising and setting of 
the sun, the limits of the visibility of eclipses, &c. 

The use of the celestial ^lobe, must, however, be liinitfed; 
to geooral explanation, for, it is evident, that the convex stir*' 
fiice of such a globe must fail to afford correct notions of tha 
actual state of things in the apparently concaoe surface olf tJrti* 
heuvens. In order, to understand the use of this instrument, 
the eye of the observer must be supposed to be phU^d in the 
centre, and iit giance directed to the sui'&ee,; each'rtar'ViU 
then appear in a position correspon^g to that which it oc- 
cupies to an observer standing, on the surface of the earth. 
Or a small terreetrial globe may be imagined to be placed 
within the celestial, with their axes coihciSbg. Some of tlfft- 
imiversities of Europe are fiimished with celestial globes of 
sufficient magnitude to adioit several ^rsons within, thie 
celestial bodies and the circles being \Aaa&^ ^^ *Cci^\bs)S9k 
muAce. By the revdutiou oi t\aa «^<5ix^> ^^^^ ^^<iRiu«>i*sc^ 
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'witbin observe tbe stars to rise and set, as in tbe real bemi- 
spbere. Occasionally, tbe celestial globe bas been made of 
glass, and a terrestrial globe placed witbin it, capable of 
revolving from west to east, by means of macbinery; tbe 
motion of tbe eartb and tbe apparent diurnal motion of tbe 
heavens arc tbus sufficiently illustrated for general purposes. 
The terrestrial globe is obviously an instrument of greater 
practical utility. Let tbe student, before he applies bis mind 
to tbe following problems, make himself thoroughly acquaint- 
ed with tbe circles of tbe artificial globe, by reference to the 
explanations already given in this work, 

PfiOBLEM I. — To determine the position of the meridian of 

the place of observation. 

"This may be done roughly, but sufficiently accurately 
for our present purpose, in tbe following simple manner: — 
Erect a stick in the ground, taking care, by appljdng a 
plumb-line, that it be quite perpendicular; observe the 
length of its shadow on a sunny morning at ei^bt or nine 
o^dock; and, with this line for a radius, descnbe a circle 
round the stick, marking tbe exact point where tbe shadow 
touched it ; about three or four o'clock in the afternoon, the 
shadow will reach the circle on the opposite side; mark the 
point as before. If now you bisect tne arc between the two 
points, and draw a line from the point of bisection to the 
end of the stick, this will be a due north and south, or ^meri- 
dian line, and on it, at noon, tbe shadow of the stick will 
always fall. If this observation be taken within a week be- 
fore or after midsummer, it will be sufficiently accurate to 
determine the solar noon throughout the year." — Drew's 
Manual of Astronomy, 

PROBLEMS ON THE TERRESTRIAL GLOBE. 

Problem n. — To find the latitude and longitude of any 

given place. 

Find the given place on the globe, and bring it to tbe 
graduated edge of the brazen meridian. Then, the degree 
on this meridian, immediately over the place, will be tbe 
latitude sought; and the degree on tbe equator, which cor- 
responds with the graduated edge of the brazen meridian, will 
be tbe longitude of the given place. 
J^oie. — It ike latitude is nortli o£ tVie W5MioT^\\.\a <s«S«^ 
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north latitude; if south of the equator, it is called south 
latitude. If the longitude is east of the first meridian, it is 
called east longitude; if west of the first meridian, it is cal- 
led west longitude. 

Find the latitude and longitude of the island of St Helena ; of Gib- 
raltar ; of Mexico ; of Calcutta ; of Nankin ; of Cape Horn ; and of 
Philadelphia. What place has no latitude or longitude? 

Problem m. — To find the difference in latitude between 

any two given places. 

Bring the places successively to the meridian, and note 
the latitude of each. K the latitudes thus found, be both 
north, or both south, subtract the less &om the greater, and 
the remainder is the difierence between them ; if one of them 
be in north, and the other in south latitude, add them to- 
gether, and their sum is the difierence required. 

What is the difference between the ktitudes of London and Rome? 
Between those of Constantinople and Cape Horn ? Between those of 
Canton and Paris? Between those of New York and Valparaiso? 
Between those of Archangel and St Petersburgh ? Between those of 
Portland and St Salvador? 

Problem IV. — To find the difference in longitude between , 

any two given places. 

Find the lonp^tudo of each place, subtracting the less from 
the greater," if they be both in east, or both in west longi- 
tude, and the remainder will be the difference required. If 
one place be in east, and the other in west longitude, add 
them together, and the product will be the difference re- 
quired. 

What is the difference of longitude between London and Washington ? 
Between Cork and Adrianople ? Between Cadiz and Berlin ? Between 
Boston and Rome? Between Warsaw and Dublin? Between Oporto 
and Bourdeaux? Between Copenhagen and Astrachan? 

Problem V. — To find a place when the latitude and 

longitude are given. 

Look on the e(]^uator for the giyen longitude, and bring it 
to the brazen meridian. Then find the given latitude on the 
meridian, and directly under it is the place required. 

What city ii situated 30"* east longitude, and 31 <" north lAlvt.^^O. 
What isUnd lies 6*" west longitude, and l^*" MU^\ii»X»!^»'^ ^\a^ <s».^ 
it utnMted 116' eut longitude, and 40'»noTt\i \rtateA%^ '^\«5u\i«B^ 
Jim e$*w9§t ioflfitade, and b«twMn 32** «Ad ^"^ lkotC(i^a)e^»&^^- 
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Problem VI. — Meffiod o/Teetrfying tk^ gkihk to the kttitttde^ 
to the zenith, and to the Sim's place. 

Elevate the pole above the horizon, till its altitude is equal 
to the latitude of the place. If the place is in north latitucle, 
the north pole is to be elevaied; if it is in south latitude, the 
south pole is to be elevated. When this is. done, Six the 
quadrsuQt of altitude* on the brazen meridian, at the zenith, 
which is directly over the latitude of the place. The globe 
should also be placed so that the poles may stand due north 
and south, corresponding with the poles of the earth. 

The globe havmg been thus rectified to th^ latitude sand 
the zenith, let the given d^y of the month be found in itiB 
outer circle of* the wooden horizon, and against it^ in the 
middle circle, is the sun% place in the ' ecliptic. Tb&a. find 
the same sign and. degree- in -the ecliptic, bringing it to that 
part of the meridian numbered firom tne equator to the poles ; 
at the same time •putting 12 on the hour circle to the said 
meridian. The globe is now rectified as required.' 

Examples for pracike.r—'L&t the globe t)e rectifi^ for. 
New York on the 15th of May. New York.being about. 40^ 
north, the north pole must be raised 40° above the horizon^ 
and the qua&rant of altitude fastened direetlyover tbfe IttM- 
tude. Then find on the horizon the 15th of May, whi«b>>' 
awwera to the 20th c^, Taurus* Hds^ beings done, :brix)K 
the 20th of Taurus on the ecliptic, to the mendiau, aI^^ 
set the index, to the hk>ur circle at 12, and the globe is recti? 
fied. .For the latitude and zenith of all othor jpj^ses^ the. 
globe may be reotified in the same way. Erom a Similar, exa- 
mination of the horizon to the globe, it will be seen that the 
1st of June oorresponds to the 10th of Gemini; the 10th of Aumist 
to the 18th of Leo ; and the 15th of April to the 26th of Anes. 

How ns thtt- globe rectified to the latitade of ar plaoe? How^ t» ti». 
zenith ? How, to ih«i am*s. |da«e? Whexe >u -the» fun^ pkoeom ih» 
ecliptic on the 5th of July? On the 12th of Januanr? On the 25th 
of Deoember f On the lUh of September? ' On tin 20tk «f Mmt ?- On 
the 4th of April? On the. 22d<rf November? 

* Tbegmidraiito/oUUisda is: an appendix taaa yr^flirifil eteft», fw<f»%g*>f 

a thin pliable slip of Inaas, which is applied tOvthe g^boi and used aa a scale 

for raeatnring the distances between points in degreea ItisgradaatedintoSO^ 

the degrees bdag of the same length as thoaeoa ooeof the great drdM of the 

gh>be. At the end where .the divisifm terminates, a nnt is riveted on,' and tat- ' 

niaked fritbascrew, by wfaieh it is attached to the brass metidlui of tlie globe 

Mamxpobtt TblapcAat being idacedhn the ^aeaiitLt sad the gnadnaetaCTBed 

to tim globe, lit zero oolooidea with the hoclioiv and coDawvMKBASkj ^^sStitedA 

^MJ^poItUMiongftg ipmdmbtd edge it indioatedbir ^ c w wii g B Btf p ^ jWWteai. 



d» 



PROBLEM VU. — To find thediskmce/hieiween any.two given 

places, 

BriBg'OBB ofHbe piaces^to tUe 'brazen jneridian, orcp^wliieh 
fix the quadrant of' aitttncte; then extend it orertlie ' othlBr 
place, and'tbe nnmberv of degrees on thaqoadrant contained' 
between, is tbe distance in dagrees* Xtibi. beings done, mul- 
tiply tbe number of donees hy 69^, and the product will be 
the number of Engiiah miles. If multiplied by 60, the pro- 
duct win be the number of geograpludil miles. 

Wbat is the diBtuiee in Englilsh miles between Dondon and Paris ? 
Between TTemm- and Rome ? Between. JPIiHadeli^ia and '9aTannak ? 
Between Pekin and ' Conrtantinode? Between- Beriki i«id. Madrid ? 
BMween GakotU And Canton ? Between New York and ilontxeal ? 

Problem Vill. — To find the hour of ike dqy at a reqitked 
place^ when the day and hour of another place are given. 

Bring the ghresplaee to the meridian, set the indtx to tlia' 
given hour, then turn the gtebetiB tbe-reqtnred'i^aee'Oomes 
under the meridian, and the index will pokit out* what the 
hour is at that, place. Thus, when it is 12 o^clock at noon ' 
in London, it is 7 o^clock in the morning at Fhlladetp^, 
and 4 oVlock in the afternoon at the island of Mauritius. 

WlkSB it is. noon at London, what it the hour at Constaoiinople.'- . 
When it |s noon at St Petersburgh, what is the Konr at New York? ' 
Wb'en it is neon at Rome, what is tbe hoorat Oanton? When it is 
noon at Quebec, what -is the boor at the nooth of the-GoMnbia* river? : 
At WaaUogton, when. it .is 6 o'clock in the evening^ where is it noon ? 

Pboblem IX. — lb find at. what hour ihitsun rises and'setSy 
amt'theienfAqfihtfdaifand'nighttMtavy^piacey^on any 

given day of the year, 

rind the latltudfe of the pltoe, and rectify the -^lobe for the 
latitude; find the siin^. place-in: tbe ediptie, bnn|p it to the 
brazen meridian, and set the index of the hoiur circle at the 
upper 12 ; turn the globe on its axis eastward until the sun^s 
place is level widrthe- hoTiaxm,.a]id'tlie indto will' point' to 
the hour of the son's rising; Turn- tbe ^be on its aods 
west^nird, until 'the sun*^ place is lenA with the western ^edge 
of tbe horizon, and the index- wiH point to the hour of the 

sun's setting. ,^ 

. The hour of the Bun'a rismr^bwM^ ^sra&c^^> ^crw^ ^w^ 
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length of the night; and the hour of the stints settmg being 
doubled, shows the length of the day. 

At what time will the sun rise and set in London on the 22d of June ? 
And what will he the length of the day and night? At what time will 
the sun rise and set at St Petersbuigh on the 10th of January? And 
what will be the length of the day and night ? At what time will the 
Bun rise and set at New York on the 20th of December? And what 
will be the length of the day and night? 

Pkoblem X. — To find those days of the year on which the 
sun will he vertical at any given place in the torrid zone. 

Bring the given place to the brazen meridian, and mark 
its latitude ; uicn turn the globe on its axis, and observe those 
two points of the ecliptic which pass under that degree of 
latitude ; look for those points of the ecUptic, in the curcle of 
signs on the horizon, against which, in the circle of months, 
are the days required? 

When will the sun be vertical at Calcutta? At Sierra Leone ? At 
Mexico? At Canton? At St. Helena? At Havannah? At the 
Sandwich Islands ? At the Friendly Islands ? 

Problem XI. — To find all those places on the globe which 
will have a vertical suji, the month and the day of the 

month heing given. 

Find the sun's place in the ecliptic, as directed in a pre- 
vious problem, and bring it to the meridian; turn the globe 
round, and all the places which pass under that degree of the 
meridian, will have a vertical sun on that day. 

What places will have a vertical sun on the 22d of February? Ozt 
the 10th of June ? On the 16th of September? On the 20th of Nov- 
ember ? What seas will have a vertical sun on the 9th of May ? What 
large rivers on the Ist of June ? What large rivers on ^e Ist of March? 

« 

PROBLEMS ON THE CELESTIAL GLOBE. 

Problem XII. — To find the latitude or longitude of any given 

star. 

Screw the quadrant on the pole of the ecliptic, bring the 

star to the meridian, and the degrees of the quadrant, between 

the ecliptic and star, show the latitude, and the degree of 

the ecliptic under the graduated edge of the quadrant is the 

Jon^'tude. 

Mfie,— Latitude^ on the cdesdal g\o\)e, \aTeckoiied firom 
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the ecliptic, north and south. Longitude is reckoned on the 
ecliptic, &om the first point of Aries round the globe. 

What is the latitude and loxigitude of Arcturas? Ana. Latitude 
is 31' north; longitude is 201 ^ What is the latitude and longitude of 
Kegulus? Of Medusa's head? Of Sinus? Of Pollux, in Gemini? 
Of Antares, in Scorpio? Of Argol, in Perseus? Of Canis Minor ? 

FsoBLEM XTTT. — To find the declination and right ascension 

of the sun or of a star. 

Bring the place of the sun or of the ^ven star to the brazen 
meridifui, and the degree above it will be its declination ; and 
the number of degrees on the equinoctial under the meri- 
dian, reckoned from Aries eastward, is the right ascension. 

Note. — Declination is reckoned from the equinoctial, north 
and south. Right ascension is reckoned on the equinoctial 
from the first point of Aries round the globe. 

What if the declination and riffht ascension of the sun on the 1 9th of 
April? An$. Declination, 11° 19'; right ascension, 27"* 30'. What is 
the declination and right ascension of the sun on the 2d of Decemher? 
On the 18th of February? On the 4th of March ? On the 10th of May ? 
Of tlie star Aldeharan, in Taurus ? Of Algol, in Perseus? Of Arcturus, 
in Bootes? 

Problem XIV. — To find the place of a heavenly body on tJie 
globe., when the latitude and longitude are given. 

Place that part of the quadrant of altitude marked o, on 

the given longitude in the ecliptic, and the upper end over 

the pole of the ecliptic; and under the given latitude will be 

found the star required. 

What is the star whose lonritude is 201**, and its latitude 31** north ? 
Ant. Aretnms, in Bootes. What star is that which has a longitude of 
209'*, and a latitude of 29° north? That which has a longitude of 334°, 
and a latitude of 21° south? That which has a lon^tnde of lO?**, and a 
latitude of 10° north? That which has a longitude of 66J°, and a lati- 
tude of 5^° south? 

Problem XV. — To find the place of a heavenly body on the 
globe when the right ascension and latitude are given. 

Bring the ^ven degree of right ascension to the graduated 
edge of the brazen meridian, and note the degree. Then 
immediately under the given declination on the brazen meri- 
dian, will be found the place of the star required. 

What ii the star whose declination is 30* 40^ so^t^vcATVi^'MKK&Kvss^ 
341** 38^? iljM.Fomuahaat,uilhe^\i^«hi¥visv. 
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What liar has a right aieansion -of 1 29% and a deelinafcion of 7*^ north? 
What star hai a right asoenuon 6f 83**, and a latitdde 6f M** aonth? 
What star hai a right asceosioa of 46 i**,. and aJatitude of 1 0** south ? 
What star has a right ascension of ll^l", and a latitdde of 32** north? 

Probuem XVI. — To fold the distance in -degrees^ between any 

two given stars vn the globe. 

L&y^ the quadrant of altitude over tihe t^o . gnronrStars^ and 
the number of degrees betiween. them, as reckoned on tiie 
quadrant, will be tneir distance as seen, from 'th^i^artk.'' Or, 
extend a ttirea'd over any two ^yen stars, ^fly tlie distance 
found to the eguAtor, arid count the number of.d^jgrees.. 

What is the distance betwsen Pallttz,in G«minitiaiidr)Ait£r?r Bvtwtcn 
Castor and Pollux ? Between Arcturus and f ro^on? . dQ^etwtfiOzSSirius 
aadDenebP Between Kegel and Sinus ? 



A DICTIONARY 

OF 

ASTRONOMICAL TEKMS. 



ABERBATION dabetroito wmdcr 
from). . The lappaneitt ttotfon of the 
hea^«i|ly^>*di«B, praduosd -by ^e pro- 
greMive motion of ligfat-and theMB^'s 
anBiMlinotian in tts ck-tait 

▲BSOLUTB EQUATION. Th«siim 
of the optic and eccentric equations. 

ACOELfiBATION {aecekro, to has- 
ten). Tfaie -angmmitation or tnorease 
of motion in accelerated bodies. 

X AjciHiwtaimttf apktmL >A'^laDet 
ia said to be aoederaledirbui Its- real 
diomat motion esceeis its'mean diur> 
nalmbtion. 

. 2. Aoedaraiion Bf-Oie fnoen, «A term 
used to express the incnease of the 
moon's mean motion -from tiiie stm, it 
being somewhat greater • now than 
formerly. 

3. Diurnal acceleration cf <A« Jtxtd 
9tan. The time bywhfeh tho etars, in 
one dinmal revolotionf ontiaipate the 
mean .dinmal revolstton' of the sun; 
whi(^is8^fi&'9": 

ACHRONYCHAL imtm, estrame, 
«ac, >niglit). A Grtek term apidied 
to a star, or planet, when it is op- 
posite to the sun. A star rius 
athrtnyckaUy^ vthea it rises at sun- 
set; Aiid Mft tKhronydusUy when it 
8etaaisnmis& 

ALMANAC. A calendar, wherein 
the days of Ike month, ftsthrris, luna- 
tion, motions oi the heareiriybedles, 
ed^MMS, Ac - are vet down for each 
year. 

ALTITUDE OF A CELESTIAL 
BODY. The arc of a Tertical etrele, 
measured ttom. the horlxon. 

AMPmSCII, or AMFIIISClAIilS 



JUSHQ 

• {aUkphi^ on both sides, tkia, a shadow). 
A Greek •deitfgnation of the people M^ho 
inhabit the toi*rid- EOne, so called be> 
cause they have their shadows at 
noon, tmrhed sometimes one' way, ai.d 
sometimes anottier, or north and south. 

AUPLITDDE (ompfttf, 'large). An 
are of the horizon intercepted between 
the east or west point, and the centre 
of the tttn' w star^ at its rising or set- 
ting. 

ANALBMBCA (axMbmiftano, tor take 
up). A prqfeotlon of the sphere on tl:e 
plane of the meridian made by straight 
lines and ^pses, the ^re* bdng sup- 
posed at an hifiutte distance, and in 
the east and west points of the horizon. 

ANGLE. The hiclhiation of twe 
lines meeting one another in a point, 
called the verUx, "Tlie lines are caUcd 
the legs or sides of the angle. ' Angles, 
in geometry, are called rtght, acute, and 
obtuse. A right * angle contains Just 
90 degrees, or the quarter part of a 
cbrle. Acute angles contain less, siid 
(rtjtase angles more^ than 90 degrees. 

L Jn^fe of oommuextton. The angle 
at the sun, formed-* by two lines, one 
drawn from the^eteirfii, ttid* tbe dther 
from the place of the. planet reduced 
to the ecUptic,- meeting in the sun's 
centre. 

2. Angle of dongation. The angle 
ftttmed by two- lines drawn tpom tha 
earth, the one to thevnn, and the other 
'to the itenot; orlt fs the dtflhrenoe be- 
tween the son's place add the geocentric 
place of tiie planet 

Va, the tw^OM <A ^'ft xs!J^*»^^Xs^ >«\5»^^ 
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at or near her quadratures, she is not 
iu the Une drawn through the ooitrea 
of the earth and sun, as she is at the 
8>'zyg^e8, but makes an angle with that 
line of about 2* 5r. 

ANGULAR MOTION. The motion 
of the planets about the centre of the 
sun, or that of the satellites about the 
centres of their primaries. 

ANNUAL ARGUMENT. An arc 
of the ecliptic comprehended between 
the 8un*s place and that of the moon's 
apogee. 

ANNUAL EPACT. The excess of 
the solar year above the lunar, whidi 
is 10 d. 21 h. 11 m. or neariy 11 days, 
wliich shows that the moon changes so 
much sooner in any month of the sub- 
aequent year, than it did the year be- 
fore. 

ANNUAL EQUATION. The differ 

ence betweoi the planet's mean and 

true place 

ANOMALISTICAL YEAR. The 
time from the sun's leavhig its apogee, 

till it returns to it agahi, which is 365 

days 6 Ii. 15 m. 

ANOMALY (cmomofos, Gr. uneven). 
The distance of a planet in degrees, 
minutes, and seconds, from the aphelion 
or apogee. 

ANSE or ANSES. The seemingly 
prominent parts of the ring of Saturn, 
which are seen at its opening. 

ANTARCTIC CIRCLE (an<t,against, 
tuxtosj the bear). An imaginary line 
extending round the south pole, 66^ 
degrees from the equator, and parallel 
to it. 

ANTARCTIC POLE. The south pole, 
or the southern extremity of the earth's 
axis. 

ANTECEDENTIA. A term made 
use of to signify that a planet moves 
retrograde, or contrary to the order of 
the signs; that is, from east to west 

ANTICECI, or ANTCECIANS (onH, 
Jt^ainst, aikos, a habitation). Those 
vrlio live under the same meridian, 
aod at the same distance from the 



equator, but one having north, and the 
other south latitude. 

ANTIPODES (on/t, against, podes^ 
feet). The people of two places dia- 
metrically opposite to each other; they 
differ in longitude 180% and one has 
the same latitude north, as the other 
has south. 

APHELION (apo, from, Mios, the 
sun). That point of a planet's orbit 
which is most distant fr-om the sun. 
Its opposite point is the perihelion, 
which is the nearest point to the sun. 

APOGEE (opo, fh>m, ge^ the earth). 
The sun's or the moon's greatest dis- 
tance from the earth. 

APPARENT (qppareo, to appear). 
That which is visible or evident to the 
eye. 

1. Apparmt eor^imctionof the planets 
is when they have the same geocentric 
longitude. The apparent conjunction 
of the moon with any of the heavenly 
bodies, is their conjunction as seen 
from the surface of the earth. 

2. Apparent diameter of the heavenly 
bodies is their angular diameter as seen 
from the earth, measured with a mi- 
crometer. 

8. Apparent distance of ftro edestial 
bodies is theh: ang^nlar distance as seen 
from the eartlL Apparent horizon is 
that circle which limits our sight, and 
has its plane parallel to the true hori* 
zon, passing through the centre <tf the 
earth. 

APPULSR The near approach of 
two celestial bodies to each other in 
angular distance, so as to be seen, 
•for instance, witliin the field of a tele- 
scope. 

APSES, or APSIDES (apsis, a circle 
OT curvature). The two points in the 
orbits of the planets, or satellites, which 
are at the greatest and least distance 
from the centre of motion; and a line 
joining these two points is called the 
Une of the apses. 

AUG. A part of a curved line, or 
\ c\rde\ fox ex«m\v\^ \3ci« XaN^toAA «sA 
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dedinatlon are arcs of the metidUan, 
and longitude ia the arc of the equator 
or paralld dicle. 

1. Arc cf direction is that arc which 
a planet ^>pean to describe when its 
moti(ni is direct or progresidve. 

2. Arc qfretrogradoHon is that which 
a planet describes whilst moving con- 
trary to the order of the sign, or from 
east to west 

ARCTIC CIRCLE (orctos, a bear). 
An imaginary line extending round 
the north pole, 66| degrees from the 
equator, and parallel to it This and the 
antarctic circle are called polar cfrdes. 

ARGUMENT. An arc given, by 
whidi another may be found in some 
proportion to it 

Argument cf latitude. Jija.diic<:X the 
orbit of a planet, intercepted between 
the ascending node, and the place of 
the planet from the sun, according to 
the order of the signs. 

ARIES. A constellation of fixed 
stars, dravm on the globe in the figure 
of a ram. It is the first of the twelve 
signs of the zodiac, from which a 
twelfth part of the ecliptic takes its 
name. It consists of sixty-six stars. 

ARMILLART SPHERE. A name 
given to an artificial sphere, represent- 
ing the several circles of the system of 
the worid. 

ASCENDING. A term denoting 
any star, degree, or any point of the 
heavens, rising above the horizon. 

1. AMcending latitude is the latitude 
of the mo<ni or planet when going 
northward. 

2. Ascending node is the point of a 
planet's orbit, where it cuts the ecliptic 
in going northward; it is marked fi. 

ASCENSION. Therishigoftbesun 
or star, or any part of the equinoctial 
with it, above the horizon. 

ASCENSIONAL DIFFERENCE. 
The difference between the rl^t and 
oblique ascension, or desoension; or the 
interval of time in which the sun rises 
«r sets, before or after six o'clock. 
I 



ASCn (a, not, Ma, shadow). The 
inhabitants of the tonrid zone, who at 
certahi times of the year have no 
shadow. 

ASPECT. The situation of the stars 
or planets with respect to each other. 
There are reckoned five aspects, viz. 
Cor^unction, 6't SextOe, 9)c; QuartHe, 
D; Trine, A; Opposition, B- -^ 6 
=0°«0«, a 9)c«60°-'2«, a 0-^90°— d«, 
a A=120»=4«, and 5--180--6*. 

ASTEROIDS (aster, a star, eidos, like- 
ness). A general term applied by Dr 
Herschel to the new planets, Ceres, 
Juno,^ Pallas, and Vesta, in conse- 
quence of then: being found to deviate 
very much in the form and position of 
thdr orbits from those of the old planets. 

ASTROLABE {astron, a star, lam- 
bono, to take). A stereographic pro- 
jection of the sphere upon the plane of 
one of the great drdes. The Sea As- 
trokibe is an instrument used for the 
altitude of the sun and stars. 

ASTROLOGY (flstrm, a star, logos, 
an acooont). A pretended art of fore- 
telling fhture events by the aspects 
and positions of the stars. 

ASTRONOMY {aster, a star, nomos, 
law). The science which teaches the 
motions of the earth, the sun, the moon, 
planets, comets, and stars, and explains 
the phenomena occasioned by those 
motions. 

ASTROCOPE {astron, a star, tikopeo, 
to look). An astronomical instrument 
invfflited by W. Shuckhard. 

AURORA BOREALIS or NORTH- 
ERN LIGHTS. AUndof meteorof a 
pale ooloor, sometimes seen in the 
northern parts of the heavens, supposed 
to be an electrical phenomenon. 

AUSTRAL, aouTHUur. The six 
signs of the zodiac, which are south of 
the equinoctial, are called AuUraltigiu, 

AUTUMN. The thfrd quarter of the 
year, vdiich b^^ when the sun entMi 
Libra, that is, about the 21st or S9d of 
September, when the days andaLqii&&a^ 
areeq^oaL 
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AXrrtJMSAli EQUrsrOX. Ilie time 
ivhen the son enters libra, or the de- 
floendhig point of the ecliptic, called 
also the AtUumruU point The signs 
JUbra^ Scorpio and Soffittarius^ are 
called antumnat signs. 

AXIS. An imaginary line which 
passes tliroagh the centre of a body, 
and on which it toms. 

L Axis of the earth. An imaginary 
line conceived to pass through the centre 
<^the earth from one pole to the other, 
about which is performed its diomal 
rotation from west to east 

2. Axis qf the circles of ffie spTiere. 
ISIght lines supposed to be drawn 
through theh: centres, perpendicular to 
their planes. 

AZIMUTH. (Arabic). An arc of 
the horizon intercepted between the 
meridian and a vertical circle passing 
through the body. 

AZIMUTH COMPASS. An instru- 
ment for finding the magnetic azimuth 
<a amplitude of a ceJLestial body. 



B 



B, in the astronomical tables, stands 
for Bissextile, or Leap-year. 

BACK STAFF. An histrument In- 
Tented by Captain John Davis, a 
Welshman, about the year 1590; it was 
Tised for taking the sun's altitude at sea. 

BEABD OF A COMET. The rays 
which it emits from its head in the di- 
rection of its motion. 

BISSEXTILE, or LEAP-YEAR A 
year coni^tlng of 366 days, which 
ha{q;>«as every fourth year. The reason 
fbr adding a day every fourth year, is 
because the tropical year exceeds the 
cjpfi year six hours. To find Lecg^year, 
divide the year by four, and if nothing 
Msnains, it is Leap-jrear. For instance, 
1816 divided by i, gives tlie quotient 
413, and the remainder is two, which 
lAiows that the year 1846 is the second 
mfter BissexWe or Leap-year, and that 
IS4S wiU be Leap-year 



BOKELAlL signs. TboBO on the 
north- side ofthe equinoctial, viz. Aries 
Taurus, Gemini, Canc^, Leo, and 
Tlrgo. 



CALENDAR. See Aimajsac There 
are a great many difl^rait calendars, 
adapted to the various uses of common 
life, viz. the Roman calendar^ the Gre- 
gorian calendoTy the Jtdian^ the £e- 
formed, and the FrentA new calendar, 
&c 

CANCER. The Crab, one of the 
constellations of the zodiac; when the 
sun enters this sign, it has the greatest 
declination northward; it contains 
eighty-three stars. 

CAPRICORN. One of the tvrelve 
signs of the zodiac, represented on 
globes in the form of a goat 

CARDINAI. POINTS. The north, 
south, east, and west points of the ho- 
rizon. 

CARDINAL SIGNS. These are Aries, 
Cancer, libra, and Capricorn. The 
beginning of these signs are In the 
Cardinal points of the ediptic. 

CATALOGUE OP THE STARS. 
A table of the fixed stars, arranged 
according to their right ascensiona, or 
longitudes, with their deoJInationa, or 
latitudes, together with fheir annual 
variations and magnitndes. 

CENTRAL FORCE& The powvs 
which cause a moving lx)dy to tend 
towards, or recede from, the centre of 
motion. 

CENTRIFUGAL FORCE (een^noii, 
the centre, y)i0Pu>, to avdd). The force 
by which all bodies, thai move mmd 
any other body In a cnrve, endeavour 
to fly off from the axis of <lidr raotiaa 
in a tangent 

CENTRIPETAL FORCE (0m«run» 
the centre, peto^ to seek)* That force 
by which a boc^ tends towaerdB some 
point as a centre: such ia gravity, or 
that foxod 'wbsceX)^ Vxdtea tend towards 
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the etntze of the earth; and that ibcee, 
whatever It be, whereby the plMeta 
are oonthraally drawn back ftom right- 
lined motiraa, and nude to more hi 
corvee. 

CEKES, or PIAZZL A primary 
planet moving between the (nrbits of 
MarB and Jupiter; it waa discovered 
on the let of Janoary, 1801, by H. 
FiaxzL 

CHARACTEB& Certafai marlca 
naed fai the edenoee, aa abbreviatkna. 
The astronomical charaoters are the 
foUowfakg: The Iweiw «<(^ qf Hketo- 
dkKj axeTAriee, the Bam; STanros, 
the BnD; II0emtni,theTwtai8; ^Can- 
cer, the Grab; A Leo, the lion; Tl|yir- 
go, the Virgin; :^ Libra, the Balance; 
UlScoipio, the Scorpion; I Sagittarius, 
the Archer; Vy Caprioomoa, the Goat; 
^Aqnarina, the Water-bearw; )( Pl8> 
068, the Ftohea. The jstaieto, ^Tha 
Son; QMercory; ^V^i^vs; 0£arth; 
^Mars; Q Vesta; Jono; ? Geres; 
j^ Pallas; Z{ Jupiter; V> Satom; J^ Ura- 
nus. Th€ A^fteets. 6 Cot^vasAcn; 
^Sextile;aQaartile;ATrine; ^Op- 
poeitioa. TkeNothi. j^ Asoendtaignode; 
fS Descending node. Motkm and Time. 
"Degree; ' minnte; " seconds; i> hoar; 
m minute; ■ second; AJL Ante Meri- 
dian, or before noon; P.IL Post Meri- 
dian, or afternoon. Simietimes M. is 
put* for morning, and A. far afternoon. 

GHBOMOMETER (cAroiiM, time, 
mdron, a measure). An instrument 
ocmtrived fbr the purpose of measuring 
small portions of thne; or watdies 
used far finding the hmgitode are gen- 
erally eaUed chranonetars, «t tin»- 



oenlM ef the sphere, it b called a great 
cirde, if not, it is caBed a less ckele. 
The equsitor and ecliptic are great dr- 
dea; the polar drdes and tiie paraOela 
of latitada cv dedteation, are small 



CTBCTiR A plane figve compre- 
hended by a rin^ carved Une, called 
its dromnfarsnoe, to wiiicfa xigbt linoa 
or radii, drawn from a point jba the 
centre^ asretfaal to each other. 

L (Xrdee ef As $pka%. Clieles 
ansa pass throogh theq>haro^ 
bavn ttMir otreamfiaranoe iq)on Ifta 
If tte IxUoe pan tiuEOBgU tkM 



S. Ckr€k» of aedHneMdn. Qxeatt clr- 
des perpendieidar to the equlnoetlaL 

8. Circle ef Ukimmatkm. That tana- 
ginary drde which (fividea the en- 
llghta&ed hemisphere of the earth from 
thedariraned. 

4w Circke ofltOtMe^ot eeeondarks t» 
tieedipHe. Greatdrdesperpendleularto 
the ediptie, and intersecting hi its pedes. 

5. Circke qf kmgttmde. See Lo2(6i- 

TUDX. 

6L Ckriee qf perpetual apparUioiL 
Small drcles paralld to the equator, and 
tooddng the horiaon of any g^ven 
places 

7. Circlee ef j » n ' j»el i ia? oceuUatkm* 
ftnall drcles paralld to the equator, 
and touching the lower part of the 
h(»4zon, or never appearing above it 

8. Circks of position. Great drdes of 
the q)here, passing through the com- 
mon Intereeetion of the meridian and 
horizon, and throogh any degree <tf the 
ediptle, or centre of a star or planet. 

k CirdeeqfeatUude, See Vsktical 

CiSOLBS. 

CraCUMPOLAR STARa Stan 
wliloh revolve roond the pole, without 
setting In a given latitade. 

GIVIL DAT. The time allotted 
far day IndvO pmpeees; it begfais dif- 
ferently in different nations; it Is di- 
vided Into twenty-foor honrik 

CIVIL MOKTH. The same air 
gtven in the oMnmon ahnanaos. 

CIVIL TEAB. That which is ap* 
pelated by any government, to be nse4 
within its Cfwn donAiions. 

CLOCK. A wen known nadiintf 
far measoitef time, regalatad by tilt 
unifcnn motion ef a pendnlnm. Cbm-' 
mon ckx^ are made to show 
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time of the stars tranritlng the meri- 
diao, show sidereal time. 

CLOUDa A collectioii of misty 
Tapours suspended in the ahr. Their 
Tarious oolonrs and appearances are 
owing to their particular situation in 
regard to the son, to the different re- 
flection of the smi's rays, and to the 
effects produced on them by wind. 

COLURES (kolouros, a truncated 
tail). Two great circles or meridians, 
which surxomid the globe from north to 
sonth, and pass through the poles of 
the world, cutting each other at right 
angles; the one is called the equmoc- 
tiai cohare^ and passes through the be- 
ginning of Aries and Libra; the other, 
called the tolstitial cohort, passes through 
the beginning of Cancer and Capricorn. 
They divide the ecliptic hxto four equal 
parts, and make the four seasons of the 
year. The name probably suggests 
that a portion of them is idways con- 
cealed from view under the horizon. 
But this is true of every other meridi- 
onal circle. 

COMET ikometeSf from komej hahr). 
A celestial body, fi^quentiy called 
a blazing star, moving in a very eccen- 
tric orbit, having a vapour-lilce fq>pen- 
dage. The comet moves in the plane- 
tary regions, appearing and disappear- 
ing at very uncertahi intervals of time. 

COMETARIUH. A machhie show- 
ing the motion of a comet about the 
sun. 

COMMUTATION. See Angle of 

COHMUTATIOK. 

COMPLEMENT. The distance of a 
«tar from the zenith; or the arch com- 
prehended between the place of the star 
above the horizon and the zenith. 

COMPLEMENT OP AN ARC OR 
AN ANGLE. This denotes what an 
arc or angle wants of 90**; thus we say, 
the complement of altitude or ooalti- 
>tude, which is the zenith distance; the 
complement of latitude or declination, 
wli/cb ta tbe polar distance, 
CONJUNCTION The meeting of 



two stars mr planets hi the same degree 
of the zodiac. The ooqjnnction of two 
celestial bodies denotes that they have 
tha same degree of longitude. 

CONSEQUENTIA. Atermiq>plied 
when the planets move according to 
the order of the signs. 

CONSTELLATION. A system of 
several stars which are seen in tho 
heavens near to one another. Astro- 
nomers not only mark out the stars, 
but they distribute them into asterisms, 
or constellations, allowing sevonl stars 
to make up one constellation:— and for 
the better distinguishing and observ- 
ing them, they reduce the constellations 
to the forms of objects with which we 
are well acquainted. 

COSMICAL RISING AND SET- 
TING. A term applied when a star 
rises or sets at the time of sunrise. 

COSMOGRAPHY (itoimos, the uni- 
verse, ffrapho, to describe). A descrip- 
tion of the world, showing the structure 
of the heavens, with the disposition of 
the stars, and parts of the earth. 

CULMINATION (ctOmen, the top). 
The transit or passage of a star over 
the meridian. 

CURTATE DISTANCE of a planet 
from the earth or sun. The distance 
of the earth or sun from that point 
where a perpendicular passing the 
planet cuts the ecliptic 

CYCLE (kuilos, Gr. a drde). A 
certahi period of thne, hi which the 
same revolutions beghi again; a perio- 
dical QMtce of time. 

1. Cycfe qf indiOiont or Roman indlc- 
tioQ. This cyde has no connexion 
with the celestial motions; it is a per 
iod of 15 years.' To find this cyde, add 
three to tiie given year, and divide the 
sum by fifteen, and what remains is tho 
indiction. 

2. Cyde of the moofi, or ib» Imtar 
cyde. A period of nlneteoi years, in 
which the new and ftdl moons return on 
the same days as they did nineteoi 
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Oolden dumber, for the finding of 
which, see Golden Kumbeb. 

8. Cuck of the tun. A period of 28 
yean, in which time the days of the 
month retorn again to the same days 
of the week, Sec See Solas Ctclk. 



DAT. In common language, the 
day is the intenral of thne which daftm 
firom the ridng to the setting of the 
•nn; this is called an artificial day. 
The astronomical day embraces the 
whole interval which passes daring a 
complete revolntion of the son. 

DECLINATION. The distance of 
any celestial object tmm the eqoinoctial, 
either northwurd or southward. It is 
either tme or apparent, accordhig as 
the real or apparent place of the object 
is considered. 

DecUnaHon eifxles. Great circles per- 
pendicular to the equinoctial, and pas- 
sing through its poles. 

DEGREE. A division of a drde, 
induding a three-hundred-and-rixtieth 
part of its drcumferenoe. Every circle 
is supposed to be divided into three 
hundred and dzty parts, called degrees, 
and each degree divided into sixty other 
parts called minutes; and each of these 
into sixty seconds. 

DEPRESSION OF THE POLE. 
When a person saQs or travels towards 
the equator, he is said to depress the 
pole, because as many degrees as he 
approaches nearer the equatcnr, so many 
degrees will the pole be nearer the ho- 
ilzon. The phenomenon azisea ftxnn 
the qdierical figure of the earth. 

DEPRESSION OF THE SUN or 
STAR. Its vertical distance below the 
horizon. 

DESCENDING NODE. That point 
of a planet's orbit, where it cuts the 
ecliptic, prooee^g southward, mark- 
ed 9. 

DESCENSION. See OBLiqnx and 
Mtaaz 



DIAL. An Instrument to show the 
hour ci the day by the sun. 

DIAMETER (cUa, through, metrWt a 
measure). A right line passing through 
the centre of a drde, and terminated 
at each side by the circumference 
thereof 

DIGIT (digitus, a finger). The 
twdflii part of the diameter of the 
sun or moon;, a term used to express 
the quantity of an eclipse. Thus an 
eclipse is said to be six digits, when 
six of these parts are hid. 

DIRECT. See Consbquentia. 

DIRECTION. The line or path of 
a body's motion, along which it en- 
deavours to proceed, according to the 
force impressed upon it 

DISK. The body and fkce of the 
sun and moon, such as It appears to us 
on the earth, or the body or fiuse of the 
earth, such as it appears to a spectator 
in the moon. The disk in eclipses is 
supposed to be divided into twdve 
equal parts. 

DISK OF THE EARTH. The dif- 
ference between the horizontal parallax 
of the sun and moon; used in the con- 
struction of solar edipses. 

DISTANCE OF THE SUN, MOON, 
AND PLANETS. Thereal distances 
of any of these as found by their par- 
allaxes. 

DIURNAL. Something relating to 
the day, in opposition to nocturnal, 
which regards the night The diurnal 
motion of a planet, is so many degrees 
and minutes as any planet moves in 
twenty-four boon. Hence the motion 
of the earth about its axis is called it» 
diurnal motion. 

L ZHumal are, is the aro described 
by the cdestial bodies flmn thelriistaig 
to their setting. 

Sl ZHumal moiitm, is the degrees^ 
minutes, or seconds, a celestial body 
describes in twenty-four hours. 

8. Diunua motion of <Ka tmi9k0^^6ak 
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the fint terea letters of the a^abet, 
wherewith the Snndajs ue nuoked in 
the almenane with azed letter tkxoagh- 
«uttheyett; 
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EARTH, or TERBA. One of the 
planets: its ochit lies between Venus 
mndllan. Its diameter is 7914 jaoiksi 
«nd observatioBi proves it to be in- 
liabitod. 

EARTHQUAKE. A sadden aotkn 
of the earth, oooasioned, it is sapposed, 
^ther by the discharge of some eleotri- 
eal power, or by large ^toAotities of 
jnflammaWe air, which, on b^ng rare- 
fied by internal fires, fiwoes its way 
tlux>agh the parts that sarroimd it 

£AST. One of the four cardinal 
poiMs of Oe world; being that point 
■of the horizon where the sun is seen to 
fise when in the eqainoctiaL 

ECCENTRIC («r, o«t, kenfyw, the 
centre). A term applied to circles and 
q^eres which ham not the same 
centre, and amseQaently are not par- 
allel; in Qppositioa to ooncentzic, where 
they are parallel, having one eommon 
centre. 

ECCENTBIC^nT^. The distance of 
the oeitfre of the orbit of a planet tnm 
the centre of the sun; that is, the dis- 
tanoe betweoi the centre of the ellipsis 
loidthefoons. 

ECLIPSE (jtkUipOt Gr. to leave out). 
The deprivati<Hi of the light of the sun, 
«r of s(»ne heavenly body, by the in- 
teiposition of another heavenly body 
^between it and oar i^ht 

ECLIPTIC. A great ohde of the 
^jpbere, supposed to be drawn through 
this niJddle of the zodiac, making an 
angle with the equinoctial of 28 degrees 
80 minutes; or it is that path among 
the fixed stars, that the earth appears 
to describe, to an eye placed in the sun, 
Ja peitaaaiiig its annual motion round 
tbosim. 

ELEMENTS. PrItKdIplM deduced 



firom observation, by which tables of 
the planetary motions are computed. 

ELEVATION OF THE POLE or 
STAB. The height of the pole or stars 
in degrees above the horizon. 

ELLIPSIS (eUhJM, Gr. to leave out). 
A curved line retumingiinto itself; and 
produced from the section of a cone by 
a plane cutting both its sides, but not 
parallel to the base. 

EMERSION. A term employe^ 
when any planet whidi is ecUpeed 
begins to ^nerge or get out of the 
lEAkadowcftheedipdngboi]^. Itisalso 
used when a star, befiore hidden by 
the sun, <a8 being too near him, begins 
to .re-appear, or emerge out of his 
rays. 

EPACT. See Anxtual and M&K- 

STBOAL EpACTS. 

EPHEMERIS (QH, for^ IkaMx-a^ a 
day). Tables containing t^e ccnnpu- 
tations of the places of the heavenly 
bodies for every day at noon. 

EQUATION OF THE MOON'S 
MEAN MOTION. Tbis depends upon 
the situation of the moon's i^xigee and 
nodes with respect to the son. 

EQUATION OF TIME. The dlf- 
formoe between ajqtarent and mean 
time, CHT between the sun's mean mo- 
tion and right ascension. 

EQUATOR (oe^iM, to equal). An 
imaginary circle equaUy <dirtant firom 
the p(4es, and dividing the earth Uito 
two equal parts, one being called the 
Northern hemiaphere, and the other 
the Southern hemisphere. 

EQUATORAL. A very uaefiil in. 
stnanent in Astronomy, for taking the 
altitude, azimnth, right asoension, ^Bc. 
of the hesventy^ bodies. 

EQUINOCTIAL (otgiiMr fiecfes, equal 
nights). A great circle of the celestial 
globe, '«riK)sep(^ are the poles of the 
world. It is so called, because, when- 
ever the sun comes to this drde, the 
days and nights are equal all over the 
globe*, being the same with iSsiMt which 
the Bun, aeoma V> ^aiafttA «x^^>iisM 
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of the two eqnlnoses of spriag and 
aatnmii. 

BQUmOCnAL POINTS. These 
atre Aria and Idbru; and when the sun 
enters elthar of these pi^ts, it is called 
tteeqniaox. 

EQUINOX The time when the 
aaa. enten either of the eqnfaioctial 
points, where the edi^c intersects the 
equhiootiaL 

£&A, or EPOCH. A fixed pohit of 

time from -vdrich to begin the eompu- 

tation ef the ««Hm*ng yean. 

EVECnON. SeeAnQLBOFETBC- 
nos. 
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PACUL^ Certain bright spots, 
frequently seen opon the dislc of the 
sun. 

FAIiCAICD. Tlie moon or a planet 
is said to be fldoated, wheo the vx- 
Ug^te&ed part appears of a cresoent 
form Kke the mean or YeoDS, when 
near the smL 

FIXED SIGNS OF THE ZODIAC 
These are Tanros, Leo, SooriAo, and 
Aqnaiivs; tb^ are so called becaose 
the season is considered to be more 
settled when the son passes through 
these signs, titan at aiqr oUier times of 
the year. 

FIXED STARS. £tach as do not 
appear to chsnge fhefar relative situa- 
tkma. They ave propedy called stars, 
in contradistinction to planets and 
comets. 

FOCUS. A term applied in geometry 
and conic sections, to certain points in 
the psrabola, dSpsia, and hyperbola, 
iriurethezayanfleetedftomall parts 
4if these eorres oonoor and maet 

FOBE STAFF. AnhiBtmmeotnsed 
' taking the altitudes of the 
x>dles. It is now snperseded 
1>y tlu nse of mere perfiwt instxaments. 

FBIGID ZQNEa The apaoes on 
the earth's snftee between the polar 
«ira)ss«adlii0polM. 



GALAXY (002(1, Gr. milk). Aivhltidi 
track which appears to encompass 1St» 
heavens; it is very visible dniincr A 
bright night, when the moon is absent. 
Dr Herschd found it to coni^ of io- 
nnmorable small stars and nebolooa 
matter. 

GiSMINL A aodiacal constellatiaizi 
in the northern hemisphere, containing 
eighty-five stars. 

GEOCENTRIC (^ the earth, tea- 
fyron^ the centre). A term literally sig<- 
nUyiag, having the earth for its centre, 

L Oeoceairic place qf a planet. Ita 
place as seen from the earth. 

2. Qeoeentric latitude qfaplaneL Its 
perpendicular distance from the ediptio 
as seen from the earth. 

S. GeocmtrickngHudeqf a planet Ita 
elliptical distance from the first p<^t 
of Aries, as seen from the earth. 

GIBBOUS (griftftus, protuberant). A 
term used in reference to the enlight- 
ened parts of the moon, whilst she is 
moving fix>m her first quarter to the 
frill, and frx>m the fiill to the last quartec 

GLOBR A round or spherical body» 
more usually called a sphere, bounded 
by one uniform convex surfrtce, every 
pdnt of which is equally distant froia 
a point witiiin, called the centre. 

GNOMON. An apparatus used b^ 
the ancients fiur fiiullng the altitudes 
and declinations of the celestial bodiea. 

GOLDEN NUMBER, or CTCLB 
OF THE MOON, which see. To find 
the Golden Number for any year, fat 
example, 1819: First, 1819+1-18W; 
this divided by 19, gives 95, and 15 ftr 
tike remainder, which is the G<ddea 
Number, as required. 

GREGORIAN CALENDAR. Hia 
reformed calendar now in nse^ whldb 
takes its name firam Pope Gregory the 

YTTTth- 

GREGORIAN EPOCH. The 
wheu thft Qt^^fAXk. c»s&o^^<Q^a&EBGk. 
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GREGORIAN TELESCOPE. Are- 
fiecting telescope, having a hole in the 
centre of the great specolum, through 
which the image is thrown by the 
small reflector to the eye. The dis- 
Unctness of the object seen through 
this telescope is somewhat diminished 
by the hole in the great speculum. 

GREGORIAN YEAR. The year 
now in use, called the new style; it 
consists of 365 days for three years, 
and 366 every fourth year, the same as 
the Julian account; but as this exceeds 
the tropical year by about eleven 
minutes and one-twentieth, and which 
in Pope Gregory's time amounted to 
ten days, he ordered so many days to 
be struck out of the calendar; and to 
prevent the like anticipation in fiiture, 
it was ordered that every century not 
divisible by four, be reckoned common 
years, yiM<ib. in the Julian account 
are bissextile. 
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HEAVEN. The infinite expanse in 
which the Stars, planets, and comets, 
are situated, or perform their respective 
revolutions. 

HELIACAL RISING AND SET- 
TING OF A STAR. A term applied 
when a star rises or sets with the sun. 
Or a star is said to rise heliacally when 
it is first seen after conjunction with 
the sun, and to set heliacally when it 
is so near the sun as to be hid by his 
beams. 

HELIOCENTRIC PLACE OF A 
PLANET (AeKoc, the sun, kentrcn^ 
centre). Its latitude and longitude, or 
place in the heavens, as seen firom the 
sun. The heliocentric motion of a 
planet is always dkect, the sun befaig 
its centre of motion. 

HELIOMETER QtOioi, the sun, fR«- 

fron, a measure). A kind of microme- 

tarfar measuring the diameter of the 

£00, mooUf and stan, 

MEMiaPHEBE (Afmi, hal^ ^hair«h 



a sphere). The half of a globe or 
sphere, when it is supposed to be cut 
through its centre in the plane of one 
of its great drdes. The equator or 
equinoctial divides the sphere into two 
equal parts, called the nxvthem and 
southern hemispheres. 

HETEROSCn (heterct, other, skia, 
shadow). The inhabitants of the two 
temperate zones, whose shadows at 
noon are always projected the same 
way with regard to themsdves, or al- 
ways contrary ways with respect to 
each other. 

HORIZON (horizo, Or. to bound). 
That great circle which divides the 
heavens and the earth into two equal 
parts or hemispheres, distinguishing 
the upper fin)m the lower. The hori- 
zon is either sensible or rationalr— the 
sensible horizon is that drde which 
terminates or bounds our view; the 
rational is that which divides the 
Starry Heavens into the upper and 
lower hemispheres ; the stars in the up- 
per being those that are visible, and in 
the lower those that are invisible to us. 

HORIZONTAL. Something rehiting 
to tlie horizon; or that is taken in, or on 
a level with, or parallel to the horizon. 
Thus, we say, a horizontal plane. 

HORIZONTAL PARALLAX. The 
parallax of a celestial body, when in 
the horizon. See Paballax. 

HOUR. The 34th part of a natural 
day, answering to 15* of the equator. , 



TMMER8I0N. A term applied when 
a star or planet is so near the sun, with 
r^;ard to our observations, that we can- 
not see it; being as it were enveloped 
or hidden in the rays ot that luminary. 
It also denotes the beginning of an 
eclipse of the sun or moon, when either 
of those bodies b^^ to be darkened 
by the shadow of tlie other. The term* 
is firequfiintiy used in reference to Jupi> 
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ten the shadow of the planet, it it 
called its immersion. 

mCIilNATION OF THE ORBIT 
OF A PLANET. The angle which the 
plane of the planet's orbit makes with 
the plane of the ecliptic, or earth's orbit 

INDICTION. See Ctclb of In- 

DICTIOK. 

INFORMED STARS. Sach as were 
formerly not included in constelladons ; 
but modem astronomers have contrived 
to include all the informed stars. 

INGRESS. The sun's entering any 
of the twelve signs, or other parts of 
the ediptic. 



JULIAN YEAR. The year estab- 
lished by Julius Cffisar, now called the 
old style. See Gbsoorian Teas. 

JUNO, or HARDING PLANET. 
One of the newly discovered planets, 
and the sixth in order from the sun; 
it was first discovered in 1804. 

JUPITER. The name of one'of the 
primary planets, remarkable for its 
great bri^tnesa 



LATITUDE Qatus, broad). The dis- 
tance of a place from the equator, or 
an arc of the meridian intercepted be- 
tween the zenith of the place and the 
equator. It can never exceed 90 de- 
grees, as that is the distance of the 
poles from the equator. Hence latitude 
is either northern or southern, accord- 
ing as the place, whose latitude is 
spoken of; is on this or that side of the 
equator. 

LATITUDE, IX ASTHOKOifT. The 
distance of a star or planet tnm the 
ecliptic, in degrees, minutes, and se- 
conds, measured on a drcle of latitude 
drawn through that star or planet, 
being either north or south, as the 
ol^ect is situated on the north or south 
•Ide of the ediptic. 

LATITUDE OF THE MOON. The 
jtapendteoUar distaoeo cf the moon 



from the plane of the ediptic; it is 
north latitude, when she is on the north 
side oi the ecliptic, and south latitudoj 
when on the south side. It Ib north 
'(ueendrnffy from the ascending node to 
her northern Umit; and north ducend- 
inffy from the northern limit to the 
desoendhig node. It Is aotUh ascendinsri 
from her southern limit to the ascend- 
ing node; and south descending^ from 
the descending node to her southern 
Umit And the like Is to be under- 
stood of the planets. 

LEAP-TEAR. See Bissextilb 

LEE. An epithet to distinguish 
thathalf of the horizon to whidi the 
wind is directed, from the other part 
where it arises, which latter is accord- 
ingly called to windward. 

LIBRA (a balance). The name of 
one of the twdve signs of the zodiac, 
the sixth in order; so called because, 
when the sun enters -it, the days and 
nights are equal, as if weighed in a 
balance. 

LIBRATION(K6ro, to balance). An 
apparent inequality of the moon's mo- 
tion, whereby she seems to librate 
about her axis, sometimes from the 
east to the west, and now and then 
from the west to the east; so that the 
parts in the western limb or margin of 
the moon sometimes reoedei from the 
centre of the disk, and somethnesmove 
towards it, by which means they be- 
come altematdy vidble and invisible 
to the inhabitants of the earth. 

LIMIT OF A FLANET.1 This sig- 
nifies its greatest heliooentric latitude. 

LONGITUDE Qongus^ long). The 
distance of a place rituated to the east 
or west of wom» noted meridian, as 
that of Greenwich : it can never exceed 
180 degrees, wfaidi is half the drcum- 
ference <^the earth. 

LUNAR (iMM, the moon). Some- 
thing belonging to the moon; thus we 
say, lunar month, lunar year> Iusak 
dial, w Vonax «^&!^ 
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in nautical astronoi^y, fi>r the distanca 
of the moon from the ami, or fixed 
fltais; the meararement of which, 
whereby Ihe true distance can be com- 
potedf is finmd to be of the greatest 
iise in determining the longitodCi 

LUKATION. The time or period 
tcom. one new moon to anotheor— it is 
called the synodical month. 



"i/LACXJliM. Dark ^wts that are 
frequently seen upon the disk of the 
sun. 

l£AGNITnDES. The fixed stars, 
according to their siae ex bri^tness, 
are divided into magnitudes; the 
brightest are called stars of the first 
magnitude; the next in brightness, 
stars of the second magnitude ; and so 
on to the sixth or seventh ma^^tudea, 
wUdi are the smallest that can be seen 
with the naked eye. 

MARS. The name of the planet 
which revolves next beyond the earth 
in our system; it is of a red fiery 
colour, and always gives a much duller 
light tlian Venus, though sometimes 
he equals her in size. 

MEAN ANOMALY OF A PLANET. 
Its angular distance firom the aplielion 
or perihelioa, supposing it to revolve in 
a circle with its mean velocily. 

MEAN CONJUNCTION OF THE 
SUN AND MOON. The ooi^junetion 
of their mean longitudes. 
I MEAN DISTANCE OF APLAKTET. 
The sraoi-transverse diameter of its 
orbit 

MERCUBT. The name of a small 
star which emits a veiy bright white 
fight, though, by reason of his always 
keeping near the sun, he is seldom to 
be seen; and when he does make his 
appearance, his motion towards the 
sun is so swift, that he can ooly be 
diacomed tor a short time. 
MBRWIAJS (meHditt,iiM-^), A 
0r&At Girde paaiog Cbreqg'h the poles 



of the world, and both zenith and nadir, 
crosses the equinoctial at right angles. 
and divides the q^hers into two h^ni 
si^eres, the eastun sad westram; it 
has its pdes in the east and west points 
of the horizon. It is called meridian, 
becausa, yfbssoL the sun erases to tho 
south part of this circle, it is then mid- 
day ; and then the sun has his greatest 
altitude for that day. 

MICROMETER {mitros, small, me- 
troTkf a measure). An instrument 
fitted to a telescope, for the purpose of 
measuring small an£^, such as the 
diameters of the celestial bodies. 

MID-HEAVEN, or MEDIUM CiE- 
LL That point or degree of the eclip- 
tic, which is upon tiie meridian at any 
time. 

MILKT WAY. See Galaxt. 

MINUTE. The sixtieth part of a 
degree of a drde. ADnutes are denoted 
by one acute accent, thus Q ; the 
second, or sixtieth part of a minute, is 
by two such accents, thus, (") ; and the 
thhd by three ('"). 

MONTH. The twelfth part of a year. 
A lunar ntonth is the time the moon 
takes to describe the whole circle of 
the ecliptic, and is 27<i 7^ 43<». A sy- 
nodic months is the time between two 
ooi^unctions of the sun and moon, and 
is 29^ 12h 44m 3*. A solar month is 
the mean time of the sun's pi»Ma"g 
through one entire sign of the ecliptic, 
which is about 30<i lO^^ 29<n. 

MOON. A satellite, or secondary 
planet, always attendant on our eartiu 

MUTUAL ASPECTS. Such as the 
primary planets make among them- 

oaIveoci 
BttlTtSoa 
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NADIR (ntofer, Ger. down). That 
point under our feet, or that point of 
the heavens which is diamotiically 
opposite to the zenith, or point directiy 
over QHB bfiads. The zeoith and nadir 
\ an the two \^\fiA q£ ^iiA\«6afiA» 
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NEBULA Luminous qpots ki the 
beAveiu, some of •wbkh o(msist of 
dosters of telescopic Btara, others 
afpear as Inminoas spots of di£ferent 
forms. Some of them fc^rm a romid 
<«iompact systemt others are more iire- 
golar, of varions fi>rms, and some are 
looff and narrow. 

KIGHT. That part of the natural 
dagr daring -which the smi is nnder- 
neath the horizon; or that space 
ivherein it is dusky. 

NOCTUBNAL ABC. An arc de- 
scribed by a celestial bo4gr daring the 
nigixt 

liODES (nodus, a knot). The two 
points wherein the orUt of a planet 
intersects the ecliptic, whereof the 
node, where it ascends northwards, 
above the plane of the ecliptic, is called 
the ascending node; and the other, 
where the planet descends to the south, 
is called the descending node. 

N0NA6ESIMAL DEGREE. The 
highest point of the ecliptic above the 
horizon; this is equal to the angle 
wtiisHi the ecliptic makes with the 
horizon. It is of great use in caknlar 
tioa of eclipses. 

SOBTIL One of the oardfaial pohits 
on the compass; that opposite the 
south. 

NUHBEB OF DIBECTIOK. A 
somber net exceeding thhiy-five, 
whidi number is the limit of Easier 
dti^ always fUling between the 21st 
of March, and 25th of April 

NUTATION OF THE EABTITS 
AXIS. A Und of vihratay motion, 
by which its inclination to the plane of 
the ed4)tio is sutti^t to a amaU wia- 
tion. 



OBLATE, flattened, or sfaortsnsa, 
as An oblate MflbanM, havii^ its axis 
ahiorter than its middle diameter, being 
fimned by the rotation of an eUipse 



neas of the earth refers to the diminatioa 
of the polar axis in respectof the equa- 
torial 

OBLIQUE ASCENSION. That 
point of the equinoctial which rises 
with a celestial body in an oblique 
sphere. 

OBLIQUE DESCENSION. That 
point of the equinoctial which sets 
with a, celestial bo4y in «n oblique 
sphere. 

OBLIQUE SPECEBK That posi- 
tion of the epiken in which the equator 
and its parallels cot the horizon ob- 
liquely. 

OBSERVATORY. A place or build- 
ing fitted up with proper instruments 
£ar observing the celestial bodies. 

OCCIDENT. AtermappUedtothe 
western quarter of the bodzon, or that 
part of the h(Kriz<m where the ecliptic, 
or the sun tlierein, descends into the 
lower hemi^>here, ki contradistinction 
to orient. 

OCCIDENTAL. Westerly. A planet 
is said to be occidental when it sets 
after the sun. 

OCCULTATION (ocetito, to hide). 
The time a star or planet is hidden 
from our sight, by the interposition of 
the moon, or of some other planet 

OPPOSITION. That aspect of the 
oeleetial bodies frhea they are 180° 
frran eadi other. 

OPTICa The sdenoe of vision, in- 
dnding Catoptrics and Dioptrics, and 
event Porq;>ectivo; as also the whole 
doctrine of hffitt and ooloars, and all 
the phenomena of viable objects. 

ORBIT (or&tta, a path). The path 
of a planet or comet, or the carve that 
it desoilbes In its rsvotation round its 
oentral body: Thw titie oar&'s oiMt 
is the curve which it describes In its 
ttmual cootse, tad nsoaDy oaQed the 
ecliptic. 

OBBUS MAGHUa A term for- 
merly naed to ligniiy the orbit of thA 
earth. 
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it Mid to be oriental, when it zises 
befbro the son. 

OBION. The name of a constella- 
tion of the southern hemisphere, con- 
sisting of tliirty-seTen stars, according 
to Ptolemy; of (dxty-two, according to 
Tycho ; and of no fewer tlian eighty, in 
' the Britannic catalogue. 

OBBEBY. A macUne for repre- 
senting the motions and appearances 
of the heavenly bodies. It is more 
properly termed a planetarium. 

ORTIVE AMPLITUDE. The east- 
em amplitude of a heavenly body. 



PALLAS, or OLBERS. One of the 
newly-discovered planets, and the 
eighth in order from the sun. 

PARABOLA (paraboie, 6r. Juxta- 
position). A geometrical figure arising 
from the section of a cone, when cut 
by a plane paraM to one of its sides. 

PAEUDOX (para, beside, doxa, 
opinion). A proposition seemingly 
obscure, as being oontraiy to some re- 
ceived opinion, but yet true in tad, 

PARALLAX (paraOaxis, Gr. 
change). A change of the apparent 
place of any heavenly body, caused 
by being seen from different points of 
view: or it is the difference between 
the true and apparrat distance of any 
heavenly body from the zenith. 

PARALLAX HORIZONTAL. See 
HoRizoNTAi. PABAT.T.AX. As the alti- 
tude ot a body is affected by parallax, 
so is its right asoendon, dedination, 
latitude, and longitude. 

PARALLEL. Those straight lines, 
whose least distances from each other 
are every where equal, are said to be 
paralleL 

PARALLELS OF ALTITUDE. 
Small drdes parallel to the horizon. 

PARALLELS OF DECLINATION. 

JURALLELS OF LATITUDE. SmaU 

etrv/e0 panUel to the egninoctfaU or 



PARALLEL SPHERE. That po- 
sition of the sphere in which the 
equator is i>arallel to the horizon. 

PARHELION Cpara, beside, heUot, 
the sun). A mock sun, or meteor, in 
form of a very bright light, appearing 
on one side of the sun. 

PENUMBRA (pene, nearly, timdm, 
a shadow). A partial shade observed 
between the perfect shadow and the 
full light, in an eclipse. 

PERIGEE (peri, around, ^ the 
earth). That point of the moon's 
(xrfoitwfaidiis nearest to the eartlu ^ 

PERIHELIUM (peri, around, heUos, 
the sun). That point of a planet's or 
comet's orbit wherein it is at its least 
distance from the sun; in which sense 
it stands in opposition to aphelium. 

PERIOD. The time taken up by a 
star or planet in making a revolution 
round the sun; or the duration of its 
course till it returns to the same point 
of its orbit. 

PERICEGI (peri, around, oftos, a 
habitation). Those who live under the 
same parallel of latitude, whether north 
or south, but on opposite meridians. 

PERISCn (peri, around, Ma, sha- 
dow). The inhabitants Of A°y) ^ho 
live within the polar circles. 

PHASES (Gr. teom phaino, to show). 
The several appearances or quantities 
of illumination of the Moon, Venus, 
Mercury, and the other planets ; or the 
several manners wherein they appear 
illumfaiated by the sun. 

PHENOMENON. Any singular ap- 
pearance in the heavens, as an eclipee^ 
comet, fta 

PISCES. The last of the zodiacal 
signs, whidi contains 113 st^^B* 

PLACE OF A CELESTIAL BODY. 
TUB is dmply its idtuation in the 
heavens, and is usually expressed Xxj 
its latitikle and longitude. 

PLANE. A plain surface, or one 
that lies evenly between its bounding 
Unea— end aa «k i\(^t Une Is the abort- 
eit esteD^UKk tram qm v^&slVkVMN&Kc^ 
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ao a plidn sorfiice is the shortest exten- 
sion frwn one line to another. 

PLANET (pkmOa^ Or. a wanderer). 
A celestial body revolying round the 
sun, as a centre, and continoally chang- 
ing its po(dtion, with respect to the 
fixed stars; whence the name planet, 
which is a Greek word, signifying 
wanderer. 

PLEIADES. An assemblage of 
seven stars in the neck of the con- 
stellation Taoms, the bull; although 
there are now only six of them visible 
to the naked eye. The largest is of 
the thhd magnitude, called **Lucido 
pleiadnm." 

POLAR. In general, something re- 
lating to the poles of the world, or poles 
of artificial globes. 

POLE. In astronomy, one of the 
extremiUes of the axis, on which the 
sphere revolves. These two points, 
each ninety degrees firom the equinoc- 
tial or equator, are by way of eminence 
called the poles of the world; and the 
extremities of the axis of artificial 
globes, corresponding to these points 
in the heavens, are termed the poles 
thereof! 

PRECESSION OP THE EQUI- 
NOXES. This expression denotes a 
very slow motion of the equinoxes, by 
which they change their place, going 
firom east to west, or contrary to the 
order of the signs. This motion amounts 
to about 50" in a year. 

PROIART PUkNETa Those which 
have the sun for their centre cf mo- 
tion. 



QUADRANT (quadrcau, a fourth 
part, or quarter). A mathematical 
instrument, of great service in astrono- 
my, and, consequently, in navigation, 
for taking the altitudes of the sun and 
stars, as also for taldng angles in sur- 
veying. 

QUADRATURE. A geometrical 
tenOf denoting the squaring or redn- \ 



dng a figure to a square. Thatpositioa 
of the moon, when she is 90 degrees 
firom the sun. 
QUARTILE ASPECT. See As- 

PEGT. 



RADIUS VECTOR. That imagin- 
ary line connecting the planet and sun, 
and which, as the planet moves round 
the sun, describes equal areas in equal 
times. 

REDUCTION. The difference be- 
tween the planet's orbit, place, or argu- 
ment of latitude, and ecliptic place. 

REFRACTION (r^-aago^ to break 
back). The deviation of a moving 
body firom its direct course, occasioned 
by the different density of the medium 
in which it moves; or it is a change of 
direction, occasioned by a body's fall- 
ing obliquely out of one medium into 
another of a different density. Refirao- 
tion causes the heavenly bodies to ap- 
pear more elevated above the horixon 
than they really are. 

RETICULA. An instrument invent- 
ed for ascertaining the quantity of an 
eclipse. 

RETROGRADE. See Ant£CEDXV- 

TIA. 

REVOLUTION. The period of any 
celestial body. 

RIGHT ASCENSION. That point 
of the equinoctial which comes to the 
meridian with any celestial body, and 
Is reckoned firom the first point of Axies. 
The degree of the equhioctial, which 
rises with any celestial body in a ri^t 
sphere, is called its right a$eensk»H 
and the degree of the equator which 
sets with any celestial body in the said 
sphere, is called its right dacenrion. 

RIGHT SPHERE. That on which 
the equator and its parallels cut tba 
horizon at right angles. 

RISING OF A CELESTIAL BODY. 
Its «p\}Qasnan^ «Swss^ ^d&s^ 
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SAGITTARIUS. The Archer, one 
of the zodiacal constellations, contain- 
ing sixty-nine stars. 

SATELLITES. Certahi secondary 
planets, moving roond the other plan- 
ets, as the moon does round the earth. 
They are so called, becanse they always 
attend them, and make the tour aboat 
the sxm with them. 

SATUHN. One of the superior 
planets, formerly considered the most 
distant in the solar system; it is the 
tenth in order from the son. 

SCORPIO. The Scorpion, a zodia- 
cal constellation, c(»itaining forty-^Srar 
stars. 

SEASONa The ibnr quarters of 
the year, viz. Spring, Sommer, Aatumn, 
and Winter. The first quarter begins 
when the sun esters Aries ; the second 
b^lna when the sun enters Cancor; 
the third, when he enters Libra; and 
the fourth, -vdien he enters Ciq)ricom. 

SECOinX The sixtieth part of a 
minute, either of time or of motion. 

SECONDARY CIRCLES, or SEC- 
ONDARIES. All those drcles which 
intersect one of the six great circles of 
the fq)here, at right angles. 

SECONDARY PLANETS. See 
Sat^ixitss. 

SETTma The going down or dis- 
appearance of a cetestial body In the 
western horisoa. 

SEXTILE ASPECT. SeeAspxcr. 

SHADOW. A priyation or dimi- 
imtion of light by the interposition of 
aa opaque body; or it is a plaoe, 
vbere the light is either altogether ob- 
structed <»r greatly ireakaoed, by the 
isrfwrposition of soma apauq/m body be- 
tween it and the kuoiaairy. 

SIDEREAL DAT. The time in 

triiich a star appeaxg to renroWe from 

any meridian to the same again, which 

isregoMl to the time ot the earth's pcr- 

JSxmU^gr eae entire revolutioB aimot its 

^xfij ^sb jem 4_jM^ of mean aolar tkao. 



SIDEREAL YEAR. The time in 
which the eorft or son makes one eom- 
plete revolution in As ortdt; that is, 
frt>m any given star to the same again. 
SIGNa The ecUptlote usually ^. 
vided, by astronomers^ faito twelve 
parts, called signs, eacAr of which, of 
coarse, oontadnstiiirty'dBgVRes. They 
are usually called signs of the zodiac; 
and b^inning at file eqalnox, wha« 
the sun intersects asni rises above the 
equator, have the ftdlowing Bames 
and marks: — 
Aries, T libva, :^ 

Taurus, ^ SeerpAa, ni 

Gemini, U Sagittarius, t 

Cancer, SB C4>ricorBM,l£f 

Leo, SI Aqa^oi, ^ 

Virgo, m Kww. X 

Of these signs, the first six are called 
ncHiJiem, lying (m the north side ef tiie 
equator; and the last six axe called 
southern, being i^tuated t» ike south of 
the equator. 

SIRIUa The dog-star, one of the 
brightest starain the heanrese; in the 
constellation Cania Miijer. 

SKY. The blue expaiMe of air and 
atmosphere. The azure colour of the . 
sky is aittributed, by Sir Isaac Newton^ 
to vapours b^;iaaiiBg to coadense 
there, and which have got o(»iiistence 
enough to reflect the most fladble rays^ 
SOLAR. Something belongiaig to 
theson; thus the solar ^n>i«Bi ia that 
system of the world whoreia tba heap, 
venly bodies are made to terotrenmad 
the sun aa the centra of thafarmolioB. 

SOLAR YEAR. Thisisoftwokinda». 
Tropical and Sidereal, which see. 

SOLSTICE (sol, the sun, sto, to- 
stand). That tfane rrhea tfa» onn ia in 
one of the solstitial points; that is,, 
when he is at his gyaatost distance 
from the equator; thoa called, because- 
he thea ajfipun to ttaad still, and not 
to change his dJstanee from tba equator 
for some time; an appearance owiac 
to t^ obUqpit;; of <mr s|>hen» and ti> 
whkdk tJooM ^«lnt vkAw ^aa* wstttae 
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are strangers. The aobtiUat points are 
Cancer and Capricorn. 

SOUTH. One of the four cardinal 
points of the compass; when the sun 
is on the meridifui, in northern lati- 
tudes, it is then directly south. 

SPHERE. A solid contamed under 
one uniform round surface, such as 
would be formed by the revolution of a 
circle about the diameter thereof^ as an 
axis. 

SPHERE ARMILLART. See Ab^ 

MILLABY SFHEKE, ObLIQUE, audRlOHT 

Sphebe. 

SPHEROK) (spTiaira, a sphere, eidos^ 
likeness). A solid body i^proaching to 
the figure of a sphere. 

SPOTS. Certain places of the sun*s 
or moon's disk, observed to be either 
brighter or darker than the rest, and 
accordingly called facuhe, or maculse. 

STAR. A general name for aU the 
heavenly bodies which are dispersed 
throughout the whole heavens. 

STATIONARY. A phmet is said to 
be stationary, when it appears to have 
no motion among the fixed stars. 

SUMMER. See Seasons. 

SUN. The most conspicuous of the 
heavenly bodies, which occupies the 
centre of the system which compre- 
hends the earth, the primary and 
secondary planets, and the comets. 

SYZYGY (*««, together, zeugnuo, to 
join). A term equally used for the 
conjunction and opposition of a planet 
with the sun. 



TANGENT. A straight line touch- 
ing the circumference of a circle in one 
point; or a right line, which touches 
any arc of a curve, in such a manner 
as to make a right angle with the dia^ 
meter of the circle of which that arc 
is apart 

TAURUS. The name of one of the 
twelve signs of the zodiac, the seemid 
fai order, comlsttag of lbr^-ft)ar itan, 



acoordhig to Ptolemy; of fi)rty-one, 
according to Tycho; and of no fewer 
than one hundred and thirty-five, ao- 
cording'to the Britannic catidogue. *' 

TELESCOPICAL STARS. Those 
stars which are not visible to the naked 
eve and can be only seen with a tele- 
scope. 

TERMINATOR. See Cibclb of 
IixnuiKATioir. 

TIDES. The periodical flux and 
reflux of the waters of the sea, snpposr 
ed to be caused by the action of the 
sun and moon upon the ocean. 

TIME. A certain measure ofdura^ 
tion, depending upon the motion of the 
heavenly bodies. 

TORRID ZONE. That space of the 
earth's surface included between the 
tropics. 

TRANSIT {transeoy to pass over). 
The passing of a planet, just before or 
over the disk of another heavenly body, 
as the passing of Mercury or Yenuft 
over the sun's disk ; the same is said 
of a planet or star when it passes the 
meridian. 

TROPICS (<r<?po,Gr. to turn). Two 
circles supposed to be drawn round 
the earth on each side of the equator, 
and 23" 29' distant from it 

TRUE PLACE OF A PLANET. 
See Heuocenteic Place. 

TWILIGHT. That light, whether 
in the morning before sunrise, or in 
the evening after sunset which is 
occasioned by the refraction and re- 
flection of the sun's rays in passing 
through the atmosphere. 



UMBRA Tlie total shadow of the 
eartii, moon, and planets. 

URANUS, or HERSCHEL. A su- 
perior planet &nd the most remote in 
the solar system. 

URSA MAJOR. The Great Bear, 
a northeni QoaBtAUjBJtk(&^ «Qi«£ai^ai<^ cK 
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URSA MINOB. The little Bear, 
A oonstellAtion near the north pole, 
which contains twenty-four stars, one 
•f which is called the pole star. 



YECTOR. See Badxus VscTOB. 

VENUa The name of the most 
beaatiflil star in the heavens, known 
by the names o( the morning and even- 
Ing star; she keeps near the sun, 
fhoogfa she recedes from him almost 
double the distance of Mercury. 

VERTEX. That point in the hea- 
vens directly over our heads, called the 
zenith. The apex of a triangle. 

VERTICAL CIRCLE. A great 
drde perpendicular to the horizon, and 
passing through the zenith, and nadir 
of any place. 

VESTA The name of one of the 
small planetary bodies, discovered lately 
to revolve between the planets Mars 
and Jupiter. 

VIA LACTEA See QAUixr. 

VIRGO. The name of one of the 
signs or oonstellatlons of the sodiac, 



and the dxth according to order, con- 
taining 110 stars. 



YEAR. The time that the sun takes 
to go through the twelve signs of tho 
zodiac. 

Z 

ZENITH (Arabic). The vertical 
point; or a point in the havens di- 
rectly over our heads. The zenith is 
called the pole of the horizon, because 
it is nhiety degrees distant from every 
point of that drcle. 

ZODIAC (2:(Kfton, an anunal). A 
broad drde, about eighteen degrees la 
breadth, whose middle is the ecliptic, 
and its extremes, two circles, parallel 
thereto, at such a distance from it, as 
to bound or comprehend the excur- 
sions of the sun and planets. 

ZONE (jsona, a girdle). A division 
of the terraqueous globe, with respect 
to the different degrees of heat found 
in the different parts of it There are 
five zones, viz., the torrid, two tem- 
perate, and two frigid xooea. 
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CHARTERHOUSE SQUARE, LONDON, 

1. MAJrVAXi OF VATmtAXi PBZ&080PBTI 

With Recapitulatory Questions on eacH Chapter, and a Dictionary of Philosophical 
Terms. By JOHN L. COMSTOCK, M.D., and RICHARD D. HOBLYN, 
A.M. Oxon., Author of *' A Dictionary of Terms used in Medicine and the Collateral 
Sciences." t/u«^jDu6/»^(f, foolscap 8 vo, Steel-plate, and 281 Wood-cuts. 

*»* This work comprises, 1. The Properties of Bodies; 2. Heat; 3. Mechanics; 
4. Hydrostatics; 5. Hydraulics; 6. Pneumatics and Steam Engine; 7. Acoustics 
and Music; 8. Optics; 9. Astronomy; 10. Electricity and Galvanism; 11. Mag- 
netism and Ellectro- Magnetism. 

2. MAJnTAA OF CBBnnSTRT: 

With RecapitulatoiT Questions on each Chapter, and a Glossary and Index. By 
BICHARi) D. HOBLYN, M.A. Foolscap 8vo, with 75 Wood-Cuts, price 4s. 6d. 

** llie heginner cannot do hotter than make himself master of this little volume. 
It may he descrihed as a concise hut comprehensive introductory treatise/' — Atlas. 

^ This manual is entitled to general praise for the ^rasp of its subject, the distinct- 
ness of its arrangement, the fulness of its matter, ana the clearness of its style.*' — 
Spectator, 

3. MAOTA& OF TBS 8TBA1IC BVOZNa 8 

With Recapitulatory Questions on each Chapter, and Index. By R. D. HOBLYN, 
M.A. Foolscap 8vo, with 4 engraved Plates and 85 Wood-cuts, 6s. 

** The description of the various parts of a steam engine is the most clear and satis- 
foetory we ever met with." — TTie Britannia. 

** A work, for cheapness and compactness, extensive range of subject, and compe- 
tent illustration, we can safely recommend to our readers as the best of the day. •— 
Railioay Magazine. 

«. nSAOTAZi OF OBO&OOTs 

With Recapitulatory Questions on each Chapter, 44 Wood-cuts, and coloured Geo- 
logical Map of the British Islands. By PROFESSOR MACGILLIVRAY, 
LL.D., Marischal College, Aberdeen. Second Edition^ enlarged^ foolscap 8vo, 48. 6d. 
" A better and more useful manual we never met with." — The Age, 
"" The Author has compressed into his Manual as much fact, and that too of a well- 
selected and well-authenticated kind, as we believe a book of the size could possibly 
be made to contain— it forms the very best companion which the young geologist can 
take with him in his rambles." — Edinburgh Witness. 

5. ItUkXUIkXM OF BOTAOTi 
Comprising Vegetable Anatomy ami Physiology y or the Structure and Functions of 
Plants. With an Outline of the Linnsean and Natural Systems, Recapitulatory 
Questions on each Chapter, and a complete Glossary. By PROFESSOR M ACGIli- 
LIVRAY, LL. D. Wood-cuts, 214 engraved Figures, foolscap 8vo, price 4s. Cd. 

** We conscientiously recommend the present volume as the most accurate and the 
most useful introduction to the Study of Botany yet published."— .Et/in^r^rA Advert. 

6. MABV A& OF BBZTZ8B BZBB8 8 

Being a short description of the Birds of Great Britain and Ireland^ including the 
essential Characters of the Species, Genera, Families, and Orders. With an Intro- 
duction explanatory of the Structure and Form of Birds, and other particulars re- 
quisite to compare the objects with their descriptive characters. By PROFESSOR 
MACGILLIVRA Y, LL.D. Second Edition^ with Indexes of the Latin and Ensdish 
names of the Orders, Families, Genera, and Species. One thick volume^ foolscap oto, 
with 31 Wood-cuts, price 7s. Also, 9(dd separatelv. 

Part I. containing the Land Birds, foolscap 8vo, price 4s. 6d. 

Part II. containing the Watbb Birds, foolscap 8v.o^ nrvoA 4^^, ^^. 
In this work the essential characten olt\ie OT^«*^Y«Bfice»x^biw««t»»^>a^V^ 
tn given Bumdentiy in detail to enable t\i« B^M^eiA ViTA« wv <Jw^«5<.Nft ^^^e««»''c°" 
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WORKS PUBIJ8HRD BY ADAH SCOTT, IX>in>ON. 

SCOTT'S aiiOXiXSB GXiASSXCS. 

MILTON'S COMPLETE POETICAL WORKS, with Critical and 
Explanatory Notes, and a Life of the Author, by the Rev. Thomas Thomson. 
New Edition, large type^ with Portrait after Cipriani and Vignette, price 4s. in 
cloth, and 7s. in morocco extra. 

*** The Latin and Italian Poems are ijicluded in this Edition. 

MILTON'S PARADISE LOST, with Critical and Explanatory Notes 
New Edition, large type, price 2s. 6d. bound for school use. 

COWPER'S COMPLETE POETICAL WORKS ; including the 

Hymns and Translations from Madame Guion, Milton, &c ; and Adam, a sacred 
Drama, from the Italian of Gio. Battista Andreini. With a Memoir of the 
Author, by the Rev. Henrt Stebbino, A. M. In one thick volume, (826 pages), 
with Frontispiece and Vignette, price 5s. in cloth, and 8s. in morocco extra. 

%* This is the only complete Edition printed in one pocket volume. 

COWPER'S POEMS. With a Memoir by the Rev. H. Stebbing, 
A.M. Price 2s. 6d. in cloth. 

COWPER'S POEMS. Part IL Containing Hymns; Translations 
from Madame Ghiion ; Translations from Milton ; Minor Poems ; and Adam, a 
Sacred Drama, from the Italian of Andreini. Price 2s. 6d. in doth. 

BURNS' COMPLETE POETICAL WORKS. With Explanatory 
and Glossarial Notes ; and the Life of the Author, by James Cubbie, M.D. 
Price 5s. iu cloth, and 8s. in morocco extra. 

This edition contains the whole of the poetry comprised in the edition edited by 
Cunningham, as well as some additional pieces ; and such notes have been added as 
are calculated to illustrate the manners and customs of Scotland, so as to render the 
whole more intelligible to the English reader. 

THOMSON'S SEASONS, and CASTLE of INDOLENCE. W^ith 

a Life of the Author. Price 2s. in cloth. 



Third Edition, in one thick volume^ small 8vo, with Portrait of Codrington, and 

Vignette, price 5s. in cloth, 

BRITISH NAVAL BIOGRAPHY : comprising the Lives of the 
most distinguished Admirals from Howard to Codrington ; with an Outline of 
the Naval History of England, from the earliest Period to the present Time. 

*' A very useful manual of naval biography, and so compact and moderate in price, 
that we could scarcely select a book better adapted for the sailor^s library."— iYara/ 
and Military Gazette. 

Second Edition, uniform with the above, icith Portrait of Wellington, and 

Vignette, price 5s. in cloth, 

BRITISH MILITARY BIOGRAPHY: comprising the Lives of the 

most distinguished Commanders from Alfred to Wellington : connected by 
AH Outline of the Military History of England, from the earliest Period to the 
present 2'im.e. 
"A 
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^^ cAove Works mav U obtained on Order ^aiM BooteeOair. 
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According to the Linnsan System. Corrected and condensed ; preceded by Instrai 
tions adapted for Persons commencing the Study of Botany ; and an Appendix coi 
taining tne Arrangement of the Genera accoming to tM Natural Method, B 
PROFESSOR MACGILLIVRAY, LL.D., Marischal College, Aberdeen. 77 
Sixth Edition^ with 155 Figures, price lOs. 6d. 

This work comprises a description of the Flowering Plants and the Ferns of Grei 
Britain and Ireland, so full as to enable the young botanist to determine every spi 
cies that may come in his way, without the assistance of others. 

Tea B&BMSirTS of pbtszcs, 

By THOMAS WEBSTER, M. A., of Trinity Colle^, Cambridge, and Secretai 
to the Institution of Civil Elngineers. In 12mo, with numerous Figures, 9s. 

This work is intended to prepare the student for the study of Natural Philosoph 
as a science. It is written m language clear and concise, though in a great measni 
divested of mathematical technicalities, and " on a plan calculated to lead the studei 
regularly through the various subjects, and to engender the habit of systematizin 
and of arranging his knowledge." 

'* It merits considerable praise for simplicity of style and felicity of illustration. 
'—AthencBum, 



TTTZiini'8 a&BMBBTS OF OBmOUkK BZ8TOKT, 

ANCIENT AND MODERN; 

With a Table of Chronology. A New Edition, with considerable Additions to tl 
Author's Text, numerous Notes, and a CONTINUATION from the Revolution i 
1688 to the present Time. Edited by the REV. BRANDON TURNER, M.)i 
In one thick volume (67*2 pages), 12mo, price 7s. bound. 

*** Besides the Continuation, which extends to 130 pages, and the Additions t 
the Author's Text (inserted within brackets), where furtner illustration seemed n« 
cessary, thirteen new Sections have been added, which include an outline of Jewis 
History, and other subjects hitherto wholly omitted. The Dates of important even1 
have been also almost uniformly inserted in the Text, an advantage which will l 
fully appreciated by the student of history. All these Additions, together with th 
Notes, are about equal in extent to the original work. 

** An admirable production as a historical class-book."-— ilt/as. 

*'' The edition before us is superior to its predecessors, since it is not only more ac 
curate, but it contains nearly double the matter."— ~^^n<pum. 

^* We prefer the additions to the original. Mr Turner has bestowed more thougl 
and care on his work than professional avocations allowed Tytler to afford.— We ai 
bound to state that we could not easily point out a work containing so much histori 
cal information in the same space.^ — league. 
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In which the Principles of that Science are fully explained, and adapted to the com 
nrehension of Young Persons ; containing a complete Series of Exercises for Parsing 
for Oral Correction, and for Writing; with Questions at the bottom of the page fo 
the Examination of Pupils. Edited by the REV. BRANDON TURNER, M. A 
Foolscap 8vo, 248 pages, price only 2s. 6d. bound. 

**" As grammar is a practical art, it is the plan of this work to bring eveir doetrin 

which has been learned into immediate and constant application.* ftsACwsc&i 

which is 80 essentially necessary in gramm&ticiA\ii«ltT>aLOAQTv^cKra!cs&^^ 

after the Brst Jeuon of Etymology. The v^^V\. \» ^«b. V»«J«**^'*,^^5^'^S 

tbnmgb mU the prmuaj definitions and roUa ol f5»snT!»i % wA vN. '^'^^^^?^^- 

impoTtMnce of Buch b method of instruction ^\\i ^wtXTYcaXaxVl wsross^^^ ^ 

^3fca^ow Warim ma^ he obtained o» Order of an^ 15oo«- 
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SCOTT'S FIRST BOOKS IN SCIENCE, 

WITH QUESTIONS ON EACH PAGE FOB THE EXAMINATION OF FUPILa 
Foolscap 8vo, (128 pages,) Prioe One SkUUng each. 



FIRST BOOK OF A8TRONOMT: 

WITH QUESTIONS ON EACH PAGE, AND A DICTIONARY OF TERMS. 
By J. L. COMSTOCK, M.D., and R. D. HOBLYN, A.M., Oxon. 

rZ&ST BOOK OF VAXmta.'L PBZ&080PBTS 

Including. 1. Properties of Bodies. — ^2. Mechanics. — 3. Hydrostatics.— 4. Hydraulics. 
5. Pneumatics and Steam Engine.— 6. Acoustics and Music. 

WITH QUESTIONS ON EACH PAGE, AND A DICTIONARY OF TERMS. 
By J. L. COMSTOCK, M.D., and R. D. HOBLYN, A.M., Oxon. 

The above will be followed by First Books of Botanv, Geology, Cuemisth 
Steam Engine, &c. 



It is now admitted that works intended for First Books in Science, and Clas 
Books in Schools, ought not to be written in a style professedly adapted to the cap 
cities of children ; but that intelligence in the reader should be assumed, and that 
the principles of science be so explained as to be understood by those who have a 
quired no previous knowledge on the subject, young persons of ordinary capacity w 
be capable of comprehending them. Therefore, when the importance of any bran< 
of education is admitted, there are but two requisites to its attainment, viz., cleamc 
on the part of the writer, and an ordinary and sustained effort of thought on the pc 
of the reader. Each party is entitled to make the respective demand, and if t 
demand be mutually satisfied) the success of the experiment may be fairly relied g 

The above First Books of Astronomy and of Natural Philosophy are believed 

be not unfavourable specimens of Treatises of the character referred to. Th 

are therefore presented by the Publisher as the first of a series of elementa 

Text Books, intended to be published by him, on those branches of science which 

is presumed might be advantageously introduced in schools, as preparatory to a mo 

finished education, and for students intended for the learned professions. The 

First Books will also be adapted for those desirous of attaining the elements 

science in a systematic manner, without the assistance of teachers, at as little e: 

pease of time and money as the subjects will admit. For these purposes, they w; 

^ written in easUjr intelligible language, yet bo aa not to sacrifice truth to onuunei 

-o«r to substitute sentimentaliBm for science ; the object Vie^ m^wi\jifaa%tft fwwi 

^ntucli kaowledge of the aeveraX subjects as 'will wiffice lot AwmbAmi vMta^asJs 

^ftwA/e those deairouB of extending their inioTma^on to Y«»» ^^«^^»a 



